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one chapter, the first. This unduly large chapter is broken 
up into sections which serve instead of the usual division of 
so large a number of pages into chapters. The parts of the 
Treatise on Zoology dealing with the Mollusca, the Arthropoda, 
and the Yertebrata are in active preparation. 

K KAY LANKESTER 

May 15, 1903. 
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CHAPTER I.— PROTOZOA (continued) 



In reviewing tho course of development ot our knowledge of 
organic nature, there stands out one epoch-making discovery, thst 
of the chambered structure of plants, made by Hooke in lft$6, 
which was destined not only to profoundly modify the older con- 
ceptions as to the intimnte organisation of animals and plants, but 
also to place in clear relief the fundamental unity which underlies 




the apparently endless variety of external form. But, us in the case 
of most discoveries of wide-reaching import, the general recognition 
of the true nature of the cell did not emerge at once in its modem 
form, nor was it in reality the outcome of the work of any single 
investigator. Indeed, nearly two hundred years elapsed before the 
first enunciation of the doctrine of a cellular structure of plants 

' By J. B, r»nn*r, D.Sc., M.A., F.R.R (1B02). 
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by Hooke became translated into a form comparable to that in 
which the phrase is now understood. 

Nevertheless to Hooke belongs the credit of having not only 
depicted the vesicular nature of cork and other plant-structures, but 
also of having designated the cavities by the name of cells. 

Malpighi and Grew in the succeeding century had* fully recog- 
nised the cellular character of plants, and even attempted a crude 
explanation of the origin of the cells themselves, likening them to 
the vesicular foam of beer. But accurate as was their portrayal 
of the mature structure, they nevertheless possessed no real concep- 
tion of the true meaning of the cell as the unit of organic life. 
The cells were regarded as the cavities in the matrix, not as the 
units which together constitute the organism, and it was to the wM 
that all their observations were directed. Little or no attention 
was seriously paid to the cell-contents. Thus, although Corti in 1 772 
had noticed the rotation of the viscous matter in the cells of Chara, 
his discovery remained without influence, and was made again, and 
independently, by Treviranus some forty years later. Even the 
discovery ^ of the nucleus by R. Brown in 1831-33 failed at once to 
excite the interest of the majority of his contemjioraries, nor indeed 
does it appear that Brown himself at all fully grasped the signifi- 
cance of his discovery. Whilst in the plant-body it was the cellular 
structure, in the sense of Hooke, Malpighi, and Grew, which most 
forcibly appealed to the observer, the softer tissueb composing an 
animal body were not so easily referable to a similar plan, although 
a consideration of the blood corpuscles, and of cartilage, helped to 
pave the way for the later generalisation. But, on the other hand, 
the animal body was more suited to turn the attention of the 
investigator upon the living substance, and the fundamental 
importance of the latter seems to have been first clearly appre- 
hended by Dujardin, who (in 1835), gave the name of Sarcode to 
the contractile, gelatinous, diaphanous mass constituting the bodies 
of the Infusoria which he was examining. He even succeeded in 
distinguishing some structural details, but with the lens at his 
command it may perhaps be doubted whether this really repre- 
sented more than the arrangement of granular and other inclusions 
in the living substance. 

It was, however, chiefly due to the researches of Schleiden, and 
especially of Schwann, which were published in 1837-38, that 
general interest became steadily focussed upon the cell-contents, 
including the nucleus which formed a cardinal point in their famous 
cell-theory. And it is largely to the great influence exerted by 
their work that the rapid advances witnessed during the next 
succeeding decades are legitimately to be traced. It is, of course, 

^ Otheri, including Leewenhoeck, had alrMdy seen nuclei in isolated cases, but 
tlMir obaerraiiona were quite withoat influenoe on the derdopmeut of thought. 
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true that the greater part of their conclusions, especially such as are 
related to the genesis and growth of cells, have since turned out to 
have been erroneous. This is largely due, perhaps, to the weight 
of mistaken preconceptions on their part ; but the history of advance 
in any line of thought or science is full of similar examples. It is 
sufficient that they realised to the full the immense importance of 
the inquirj', and at any rate they succeeded in correlating and in 
co-ordinating a large mass of observations, and so became the means 
of immediately attracting numerous other workers into the same 
fiekL 

To Schwann may be conceded the merit of having first con- 
sciously attempted to demonstrate, in the most effective manner, 
the essentially similar character of the cells in plants and animals. 
This he did by endeavouring to follow out the origin and develop- 
ment of new cells in each of the two great divisions of living 
organisms, though how wide he was of the practical truth may be 
seen from the account which he gives of the process. The 
primordial substance out of which cells are formed consists, 
according to him, of a gelatinous or slimy mother- liquor, the 
e^ioblastenuL In this, by a process of condensation, a nucleolus is 
first formed. This then grows by intussusception, and gives rise 
to a nucleus, in which once more a nucleolus is differentiated — 
itself the origin of another nucleus. Meantime, from the cyto- 
blastema fresh matter is deposited in the surface of the nucleus, and 
thus a consolidated membrane originates. This membrane, by 
intercalation of constantly increasing material within it, continues 
to grow, and ultimately it forms the wall of the new cell, the 
contents of which are provided for in the way just described. 
Thus, in the formation of cells, according to Schwann, the following 
stages, starting from the raw materia — cytoblastema — may be 
distinguished. First, the condensation giving rise to the nucleolus, 
this in turn, by growth, produces the nucleus, and the peripheral 
(nuclear) wall eventually forms the wall of the new cell At first 
sight it is difficult to realise how these ideas obtained the wide 
currency which they enjoyed, but the reason is to be sought in the 
fact that Schwann, like Schleiden and Nageli after him, was not 
fortunate in the material he selected for investigation. Cartilage, 
blood-corpuscles, and pollen grains were repeatedly studied, and it 
is perhaps not surprising that with such objects before them an 
incorrect conclusion was aiiived at 

Yon Mohl, who had been engaged in studying the structure and 
mode of division of vegetable cells since 1835, at one time gave a 
tme explanation of the process, but afterwards he sounded a less 
certain note, adhering to the view that the new cells were formed 
in Mo within the mother cells, even in the case of algal filaments — 
an error which was definitely opposed by Unger. Yon Mohl 
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clearly recognised the importance of the formative subetance of 
the cell, to which in 1846 he gave the name it now bears, viz. 
Protoplasm, the same word that had already been employed six years 
earlier by Ptirkinje to designate the formative substance met with 
in the animal embryo. 

Speculation was already aroused as to the possibility of 
instituting a comparison between vegetable protoplasm and animal 
Barcode, and Dutrochet had, as early as 1824, and still more 
definitely in 1837, indicated the general similarity which underlies 
the structure of animals and plants. But it was reserved for Cohn 
to clearly formulate in 1853 the real features of identity between 
them, and to express the definitely reasoned view that they were, 
in all essentials, composed of the same kind of substance. Cohn 
was well fitted for the task, by his acquaintance with the lower 
organisms of both animal and vegetable kingdoms. Max Schultze 
in 1861 further elaborated this resemblance, and his convincing 
demonstration at once gained the assent of all who were competent to 
form an opinion on the question. Moreover, Schultze clearly saw 
that it is the protoplasm (in the widest sense of the -term) which 
essentially constitutes a cell, and he, like Leydig, defined it as a 
mass of protoplasm containing a nucleus. About the same time 
also Virchow, in his celebrated aphorism, '' Omnis cellula e cellidA," 
cryjstallised the correct view as to the general mode of origin of new 
cells. 

But although the essential facts of cell-structure and development 
thus gradually emerged from the earlier and cruder notions, the 
finer details, and especially the relations of the nucleus, long 
remained obscure. The origin of this body, and its connec- 
tion with the rest of the cell-contents, was not understood, and 
a very general view was held that it disappeared (as indeed is in a 
certain sense correct) at each cell-division, to be formed afresh in 
the new daughter cells. It is true that so long ago as 1841 Remak 
had put forward the statement that the nucleolus and nucleus gave 
rise by direct fission to the corresponding structures in the 
daughter cells, and indeed that the whole process of cell -division 
was thus inaugurated ; but his views (which for a few cases 
are really well founded) appeared to be not generally applicable, and 
thus it transpired that even in the middle of the century the 
nucleus came to be commonly i*egarded as an organ of but secondary 
importance, and this even by so eminent an investigator as 
Briicke. It was not until the publication of Strasburger's mag- 
nificent work on the cell- and nuclear-division in 1875 that the 
nucleus received its proper share of attention. Strasburger, some 
four years later, like Virchow, in another connection, before him, 
defined the modern position in the phrase *' Omnis nucleus e nucleo.'' 
The researches of the brothers Hertwig, Van Beneden, Flemming, 
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and others Lave abundantly emphasised and justified these far- 
reaching generalisations. 

But with the improvements which have been effected in 
technique during the last quarter of a century, new facts have 
come to light which have somewhat modified the conception of the 
cell as held by the earlier writers. It has been already seen how 
the centre of gravity gradually shifted from the cell-wall to the 
cell -contents, and that, as Max Sclmltzo declared, the essential 
constituents of the cell were represented by the protoplasm and the 
nucleus, the wall being of altogether subordinate importance. The 
discovery that masses of protoplasm might contain not one but 
many nuclei, and that such a condition is not uncommon both 
amongst various groups and tissues in plants and animals, appeared 
to some writers to present a difficulty in accepting the cell theory 
as treated above, and various explanations have been offered in 
(Hrder to bring these cases into line with the theory as more 
generally understood and defined. Such organisms or tissues 
have been termed non-cellular — a negative and unsatisfactory 
expression which has been replaced by the more appropriate word 
ifne^ium or coenocyU, These words emphasise the view that, mor- 
phologically, the individual units, which collectively make up the 
syncytial tissue, are not isolated from each other by definite 
IxuTiers. Sachs proposed the term etiergid to express the cell in 
Max Schultze's sense, meaning thereby the nucleus, togetiier with 
the portion of protoplasm dominated by it. Essentially this is 
a physiological definition as contrasted with the morphological idea 
embodied in the word ftyncytium. And it is, on the whole, a legiti- 
mate expression, since it really does correspond to a fact. Moreover, 
it has the merit of being equally applicable to the cases of isolated 
cells as well as of those in which such limits arc not structurally 
traceable. The objection raised to the conception underlying it, on 
the ground that the nucleus of a syncytium does not always dominate 
the same protoplasm, is not a valid one, inasmuch as it is quite 
possible — ^perhaps even probable — that an essentially similar state 
of things also obtains even in those tissues in which the constituent 
cells are apparently isolated. For it has gradually been proved for 
a very large number of cases that the protoplasm of adjacent cells is 
in actual physical continuity through the fine pores present in the 
delimiting cell-walls. It is tolerably easy to observe this continuity 
in the epithelial cells of some amphibian tissues, and there is a con- 
siderable weight of evidence to show that it is far more general than 
was generally supposed to.be the case. In plant-tissues also it has 
been repeatedly demonstrated since its first discovery by Tangl (in 
1 879)in the endosperm of certain seeds. Gardiner and Eussow almost 
simultaneously demonstrated its existence in the tissues of several 
adult plants in 1883, and since that time it has been clearly proved to 
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occur tliroiighoiil tlio tissues of the organism in those examples which 
have been 8]iecial]y investigated for the puqx>M. Thus it is evident 
that, so fnr from the syncytial condition presenting an excoptionat 
case, it is in reality an extremely common one, tbo cell-walls merely 
forming a perforated skeletal framework which supports the softer 
parts. It is useless to argue (as has recently been done) that the 
pores arc so fine as to he practically useless for the transference of 
material substances through them, since, as Horace Brown has shown, 
their very narrowness, taken together with the thinness of the portion 
of membrane on which they occur, is an important condition for 
the performance of such a function without undnly weakening the 
framework itself. Moreover, the existence of the continuity of the 
protoplasm from cavity to cavity at once renders intelligible the 




iLt^ of protoplAim thftnitfh wtA* 
uDjB «ii-vriJLii, A, c«Ui of tlie inilvLnus 
of itoMnlo. a, cclla nr th* endoKinmi oT 
llttmtfaOu. <Aflcr Otidinrr.) 



possibility of a transmission of stimuli from one part of the body to 
another, although it would peiiiape be going too far to assume this 
U a necessary condition of transmission. Examples are known in 
which the stimuli appear to be less directly conveyed, as, for 
instance, in the case of nerve ganglia, according to Ritmon y Cajal 
(although his resutta have not besn upheld by some other inveeti- 
gators) i nnd further, in some plant tissues, water squeeied out 
into the intercellular spaces has been regarded (on rather slender 
grounds) as being the means of exciting consecutive cells of a tissue. 
On the other hand, N6mec has recently shown reason for admitting, 
in the irritable parts of plants, the existence of specialised tracts of 
protoplasm which are continuous from cell to cell, and by the agency 
of which the stimulant impulse is conveyed to the motor executive 
region. Whilst the general and mutual relations of the constituent 
puts of the cells were being gradually elucidatod, it became recog- 
nised that the ceU-substances themselves were not composed of 



THE STRUCTURE OF CELLS 



mere structureless jelly, but possessed an organisation of their own. 
At first the recognition of this fact only appears in tentative sug- 
gestions, and hardly any serious progress was made beyond the 
obvious distinction of the nucleus from the protoplasm. Briicke 
seems to have been the first to point out the philosophical necessity 
of assuming an organisation in the protoplasm, but the visual per- 
ception of the counterpart of such a constitution hardly advanced 
beyond the recognition of a relatively solid mass bathed in a more 
fluid substance. The former was distinguished as spongioplasm, 
and the latter as hyaloplasm. It is significant of the difficulty 
experienced in arriving at a definite decision on the then available 
evidence that each of the two constituents has been claimed by 
different writers as the living substance. 

The views which have been put forward as to the relationships 
of the various substances which co-exist in the protoplasm to each 
other have developed in two principal directions. The earlier, his- 
torically speaking, was advocated by Frommann in a series of papers 
dating from 1864. He was led, by a study ofv;nerves, to distinguish 
a reticulum, which partly corresponds with Leydig's spongioplasm. 
This reticulum was imbedded in a more homogeneous ground sub- 
stance, which, however, includes much more than spongioplasm. 
He extended this conception of protoplasmic structure to plant cells, 
and it was utilised, and in some respects modified, by Heitzmann in 
1873. The views of the latter author were not so convincing as 
those of Frommann, for it is quite possible to identify the structures 
described by the latter writer in living cells, although the appear- 
ances are susceptible of a different interpretation from that given 
by him. Heitzmann's descriptions, on the other hand, are very 
schematic, and it is difficult to avoid the conviction that they are 
highly coloured by theoretical preconceptions. The phenomena of 
contraction and extension were brought by him in relation to the 
structures as described, but his views have never met with very 
general acceptance. A closely related hypothesis was that suggested 
by Flemming, who, while denying the existence of a reticulum, 
insisted on the presence of a fibrillar structiure, the fibrils being 
represented as threads of irregular length (the filar elements) which 
were imbedded in a more fluid intorfilar mass. 

Gradually another view of the structure of protoplasm was 
evolved, and which, in a measure, took account of reticular structure, 
but explained it differently. Strasburger in 1876 first seems to 
have spoken of closed protoplasmic chambers, which were filled with 
more fluid albumen, but he soon abandoned the idea in favour of 
the reticular hypothesis. But the alveolar theory thus indicated 
was developed and extended by Biitschli, who had, as long ago 
as 1873, figured in Pilidium a structure susceptible of such an 
explanation, though this was not given at that time. The alveolar 
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theory has exerted considerable influence upon contemporary thought, 
and may be given in brief outline. The whole protoplasm, including 
the nucleus, is conceived of as in a physical condition resembling 
an emulsion, tlie more fluid mass filling the cavities (which are 
very small, 1-2 /i in diameter), whilst the walls are composed of a 
more viscous substance. Such an emulsion obeys certain well-known 
physical laws, and the relation of the alveolu* walls both to each 
other and to the free outer surface can be theoretically defined. 
Solid heterogeneous particles enclosed in the emulsion, if too large 
to lie in the substance of the walls, are surrounded by a surface 
film in which the alveoli are arranged, as they also are on the free 
surface, somewhat like the cells of columnar epithelium. Move- 
ments may occur in the whole mass, as the result of disturbances 
in the surface tension of the superficial alveoli, and movements pro- 
duced in emulsions in this way closely resemble the streaming and 
' other movements of protoplasm. Tlie reticular 
and filar appearances are also to be attributed 
to disturbances, due to causes, in the interrelation 
of the alveoli, or they may represent the optical 
section of the alveolar walls themselves. 

Now it is quite possible to convince oneself 
that such an alveolar structure does actually exist 
in many cases, although, as Biitschli himself 
admits, it is not always to be so identified. It 
seems probable, however, that on the whole it 
does represent truly the appearance of protoplasm 
under certain (and commonly occurring) condi- 
tions, but it also seems equally clear that these 
conditions ore not necessarily always fulfilled. 
For it is essential for the production of such an 
appearance that there shall be at least two non- 
miscible fluids of difi'erent refractive index, and 
if either of these conditions is not realised, or is 
temporarily in abeyance, it wilt follow that the 
alveolar appearance must also be absent or dis- 
Tht rwiii itrnciiin appear. And we are acquainted with so many 
grtsiirii'i'r"'"""" " important series of changes in the relations of 
the various protoplasmic cotuUtuents to each 
other that it is hardly necessary to postulate the permanence of 
those conditions of which an alveolar structure is the consequence. 
Thus it would Beem that an easy wdus vivendi might be reached 
which would render it possible, whilst recognising the heterogeneity 
of the substances included under the generic term Protoplasm, to 
admit that at one time an alveolar, at another a filar, or a reticular 
appearance might occur. A fibrillar structure is certainly present 
during nuclear division, and although the extreme adherents of the 
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alveolar theory see in the fibrils a honeycomb structure, the cavities 
are generally admitted to be reduced to the vanishing point. 

Strasburger has attempted to utilise both the filar and the 
alveolar hypothesis, considering that in every cell the protoplasm 
outside the nucleus consists of two distinct parts. The one, wUch is 
specially nutritive and alveolar, he terms Trophoplasm; the other, 
which is more closely concerned with the dynamical changes in the 
cell, and possesses a filar structure, he designates as Kinopkunu The 
relations of the kinoplasm will be more specially considered in 
connection with nuclear division. 

Besides the protoplasm and nucleus, there are present other 
organised structures in the cell The vacuoles, which have long 
been recognised, are cavities in the protoplasm, and lined apparently 
with a specialised layer of this substance. In some cases they are 
rhythmically contractile as in many of the Protozoa. 

But it is around that enigmatical body, the centrosome, that 
especial interest has persistently attached ever since its first definite 
discovery by Van Beneden in 1885. The centrosomes are minute 
granides, most often situated either singly or in pairs in each ceU, 
and in close proximity to tlie nucleus. They are frequently con- 
tained in a specialised mass of protoplasm, termed by Boveri the 
Archophsm. 

Centrosomes and their attendant structures have been differ- 
ently described by various observers. Van Beneden, to whom we 
owe the first recognition of these bodies, distinguished, in the case 
of Ascaris, a central granule, surrounded by two concentric areas, to 
which he gave the names of medullary 

and cortical zones respectively. Boveri ^^<<<CZI^^^?>v/'^r 

described in the cells of the same ^^ 
animal a centrosome surrounded by a /^^ 
lighter zone, from which it was definitely / ^ 
cut off by a kind of limiting membrane. / 
Within the centrosome he further dis- 4 

tinguished a central granule, the cen- \ 
triola The latter body divides before \ .:^^^yi^^^^ / 
the centrosome increases by fission. V^^3£|| P^^V 

In still other cases {e,g. in cells of the ^^^W^^^^ 
testis of Salamander) various observers ^<^c^^**|**^^i>^ 

(Meves, Driiner, etc.) have distinguished fio. 4. 

a whole series of concentric zones A$caHs megcUoeephala. Scheiiutie 

J .1 . T aU • J. flgure of diaster Htage of the flrtt 

around tne centrosome. In the giant cleavage mitoait. c, centrosome : m.*, 

cells of the spinal cord and in leuco- (";^";^t7„ S^n^eii') "^"^'"^^ ''"'*' 
cytes, Heidenhain has distinguished a 

group of granules, which replace the single or paired one 
more commonly met with, and in other cases again there is a 
reticulate sphere (echinoderms) containing a varying number of 
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granular inclusions. In plant cells centrosomes have been far less 
often identified than in animals. They are more frequent, or at 
least more easily demonstrable, in the lower members of the 
vegetable kingdom tlmn in the higher plants, in which they are 
probably restricted to the motile sperms. The evidence for their 
occurrence in angiosperms is not convincing. When present in a 
cell, they usually occur in the form of a small granule enclosed in a 
sphere, and are comparable with the centrosome and centriole of 
Boveri. Strasburger has proposed the convenient term of eentro- 
sphero to designate the sphere together with its included granide, 
reserving the term centrosome for the latter body only. It 
is quite certain that the centrosphere apparatus presents itself 
in varied degrees of complexity, not only in different organisms, 
but even in different cells of the same tissues, and Strasburger's 
term has much to recommend it, since, in spite of the large litera- 
ture which has grown up around the subject, we are still mainly in 
the dark as to the tnie meaning and relations of the different parts. 
It seems clear, for example, that the centriole of Boveri corresponds 
to that which by most writers has been called the centrosome, 
and Boveri himself states that the division of his " centrosome " is 
preceded by that of the centriole. 

The centrosome or centrosphere is itself not unfrequendy 
enclosed in a denser mass of protoplasm, called by Boveri the 
Archoplasm, and by Strasburger the KJnoplasm. Probably, how- 
ever, appearances denoted by these terms are not the expressions 
of permanent structures, but represent transient phases of cellular 
activity. The structures thus called into existence may, however, 
be, at least temporarily, very pronounced, since at least a part of 
the achromatic figure, which is formed during nuclear division, 
owes its origin to the archoplasm ic mass. Nevertheless, the archo- 
plasm (or kinoplasm) may become absolutely indistinguishable at 
other periods in the life of the cell. 

A far more difficult question to answer than that concerned 
with the permanence of the archoplasmic or kinoplasmic structures 
refers to the centrosome itself in a similar connection. Whilst 
many authors have strenuously maintained its permanence from 
one cell-generation to another, comparing it in this respect with the 
nucleus itself, a considerable weight of negative evidence has never- 
theless accumulated in the opposite scale. The striking relations 
which obtain between the centrosome and the nuclear figures at 
phases of division naturally produce a profound subjective impres- 
sion upon the observer, and it has even been assumed that the 
centrosome still persists, even when its actual existence cannot be 
successfully demonstrated. There is no doubt that other granules 
have frequently been mistaken for centrosomes, selected because 
they happened to lie sufficiently near the spot where the structures 
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in question might have been looked for, and thus no little confusion 
haa been introduced into a subject already sufficiently bristling 
with difficulty. But the cases of Acantfaocystis (Schaudinn) and 
of Actinosphaerium (R. Hertwig) show quite clearly that centro- 
■omes may, at least in the lover animals, be certainly differentiated 
afresh in the cells from which they had previously been absent. 
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The Bo-called Blepharoplast, which is associated with the male 
reproductive cells of certain cycads and ferns, appears to present 
vet7 strong analogies with animal centroaomes, and yet the 
blepharoplasts have not been seen in the antecedent celt-genera- 
tiona of the plants in which they occur, and hence they have 
almoat certainly been formed de novo. On the whole, then, the 
question as to the relative permanence of the ceutrosomes through 
the series of ontogenetic cell-generations must be left an open one. 
Certain facts are, however, known which conclusively prove that 
centrosome-like structures can be formed in cells from which, under 
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normal circumstanceB, they are abunL Morgan showed that 
concentrated solution* of salts could induce the appearance of 
centrospheres with radiations in the eggs of certain echinoderms, 
and Loeb further proved that by adding magnesium chloride in 
appropriate quantity to sea-water, the eggs of sea-urchins could be 
brought into such a state that when replaced in normal salt water 




they underwent the normal embryonic segmentation. Wilson, 
investigating the cytology of the process, confirmed the results, 
and ascertained that the treatment caused the formation of centro- 
spheres which seemed to direct the cell -divisions. And R. Hertwig 
long agu showed that at least the early stages of a parthcnogenetic 
segmeutation could he similarly induced by the action of strychnine. 
Hence there is a considerable body of evidence to show that the 
centrosomes are stnicturea which, though physiologically the signs 
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of important changes in the protophism^ are not necessarily 
permanent organs of the cell. And a wide survey of the processes 
of mitosis in the lower animals and plants serves fully to confirm 
thir conclusion. 

The Structure of the Renting Niideus. 

It has already been said that it was not until the year 1875 
that the nucleus was fully and universally recognised as an all- 
important cell organ. Even as late as the previous year, Auerbach 
published a treatise on its behaviour during cell-division maintaining 
that it completely disappeared during the process, and he gave the 
name of Karyolysis to the phenomenon in question. With the 
recognition of the complex series of changes undergone by the 
nucleus during divisi6n, and its obvious importance, in connection 
with fertilisation, also discovered in 1875, it speedily formed an 
object of serious study. And the investigations were not only 
carried on in killed cells, but its behaviour during life, as well as 
its chemical structure, presented attractive problems for solution. 
The general outcome of these investigations is as follows : — The 
nucleus is delimited from the cell protoplasm (the cytoplasm of 
Van Bambeke) by a membrane which was regarded by Schwartz as 
consisting of a sub&tance called by him Amphipy renin. In some 
cases, however, it appears not improbable that the membrane is at 
least partly produced from the cytoplasm, as a kind of precipitation 
membrane, whilst in other cases, as for example in some of the 
coocidia, Schaudinn has shown grounds for thinking that the so-called 
chromatin of the nucleus itself may contribute to its formation. 

Within the membrane the nuclear contents may be distinguished 
as a matrix of a substance which stains with some difficulty, and 
which forms a sort of meshwork within it This is the Linin of 
Schwartz, and seems to closely correspond with the plastin, 
distinguished chemically by Zacharias. In addition to the linin 
there exists a more fluid gelatinous substance, the Paralinin of 
Schwartz. Imbedded in the hnin are a large number of granules 
which, by reason of their exhibiting a strong affinity for certain 
dyes, were termed Chromatin by Flemming. The chromatin consists 
of a highly complex nitrogenous substance, and always contains 
phosphorus. Chemically it belongs to the class of proteid 
compounds classed as nucleins, and by analysis can be made to 
yield proteids and nucleic acid. In addition to the true nuclein 
chromatin, there have been described other inclusions within the 
linin known as Lanthanin (Heidenhain) or oxy- or basi-cbromatin 
bodies, which appear to be related to the nuclein series, and which 
perhaps are complex, high-graded substances which can be built still 
further up to true nucleins. 

Most nuclei contain, besides these constituents, one or more 
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masses, usually of a spherical or oval shape, known as Nucleoli. 
These bodies long ago attracted the attention of investigators, and 
it will be remembered that they were raised to a rank of con* 
siderable importance by both Schvrann and Remak. They usually 
are easily stained, and thus were included amongst the chromatin 
bodies of the nucleus, but subsequent investigation has shown that 
they are, in many cases, widely different from nuclein. Two kinds 
of nucleoli were distinguished by Flemming under the names of 
eu- and pseudo-nucleoli respectively, the latter representing, at least 
chiefly, aggregations of a substance which closely approximates to, 
if it is not actually identical with, true nuclein. And more recent 
investigations have tended to confirm the supposition advocated by 
Zacharias, that the ordinary eu-nucleoli, so far from consisting of a 
single substance such as pyrcnin (Schwartz), are complex mixtures, 
or else, at any rate, bodies which readily yield, by suitable treat- 
ment, different substances of complex molecular composition. It is 
true that the author just referred to arrived at the conclusion that 
the nucleoli were destitute of phosphorus, but this view can hardly 
be maintained, at least in all cases. 

Investigations on the nuclei of Protozoa and of some of the 
lower plants seem to have shown that these nucleoli consist of 
at least two groups of substances, the one consisting of, or 
approximating to, nuclein, the other more nearly resembling the 
linin, or even the cytoplasm, in its staining and other reactions. 
At any rate, the chromatin, which forms so obvious a character in 
dividing nuclei, appears in some cases, e,g, Actinosphaerium, to be 
mainly derived from a nucleolar source. It is highly probable that 
these bodies are really heterogeneous, and represent reserves of 
complex materials which can be drawn on for various purposes 
during periods of nuclear activity. For at such times the nucleolus 
always undergoes considerable change, and is either completely used 
up, or its remains fragment and pass out into the cytoplasm, where 
their further fate is still obscure. 

Whilst the nucleoli are thus losing substance they often exhibit 
vacuolation, and even in resting nuclei vacuoles may sometimes bo 
detected within the nucleoli, pointing strongly to the correctness of 
the hypothesis as to their heterogeneous nature. 

A further point which deserves mention in connection with the 
nucleoli is the view held by some writers {e,g, R Hertwig) that 
they stand in some close relation to the centrosomes, and that the 
existence of the latter structures may be traced back to a nucleolar 
origin. Further, Strasburger, in his account of kinoplasm, has 
suggested that the nucleolar substance may serve as the material 
which stirs up the dynamical and metabolic activities latent in the 
cell. On the whole, it is impossible, in the present state of our 
knowledge, to ascribe any single function to these bodies, and the 
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evideooo before us Beenu to indieaM that juat aa they ue very 
diverse in structure and eompoeition, to also t^ey may, and almoat 
eerUinly do, play very different parte in the general economy of 
tlie cytoplaam and nucleus. 

The reeling nucleus may, then, bo regarded aa an organised 
rtructare oontaining a considerable assortment of highly complex 
and labile subetances. But this veiy lability, itMlf a condition of 
the profound and important changes vhich succeed each other with 
eztnordinaiy rapidity during the division of a nucleus, is bound up 
in, or at least is related to, an organisation which directs and 
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determinea that sequence of chemical and physical traniformations 
which so strikingly accompany the whole process. Moreover, there 
is abundant evidence of the existence of a material exchange 
paadng between the nucleus and the cytoplasm which becomes 
strongly marked at all periods of special cellular activity — such, for 
example, as secretion, regeneration, and the like. 

Nudmr and Cell Dimntm. 
The multiplication of the uninucleate cell is always preceded, 
save in the lowest protozoa and protophyta, in which the detAils of 
I stiU obscure owing to the absence from them of 
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a well-defined nuclear body, by a division of the nucleus. This 
may either take place in a simple manner, as was determined by 
Hemak, or it may only be secured as the result of a complicated 
rearrangement and fission of certain nuclear constituents. To the 
former, or dired (Flemming), method of division, the term Amitosis has 
been applied by Flemming, whilst the latter, or indiaect (Flemming), 
method was also termed Mitosis by the same author. The word 
Karyokinesis (Schleicher) has often been substituted for mitosis, but 
both terms are expressive of the same phenomena. Amitosis, in 
the higher animals, is not of such generally widespread occurrence, 
but in the lower forms it frequently appears as an intercalated 
method along with a more or less complex form of ordinary 
karyokinesis. It is also generally met with in nutritive gland cells ; 
thus in the follicular epithelium of the ovary, in tlie **foot " cells of the 
testis, and in the tapetal cells of the higher plants, it is not uncom- 
mon. In these cases it appears to be characteristic of degenerating 
tissues, and this explanation has been extended to amitosis goner- 
ally by Ziegler and vom Rath, but many instances are known in 
which such a view is quite untenable. Thus, there is good reason 
to believe, as Meves or others have shown, that in the ovary, cells 
which ultimately are destined to give rise to ova may multiply in 
this way, and Schaudinn, Siedlecki, and others have shown that in the 
Sporozoa such amitotic divisions often follow shortly on the act of 
fertilisation, and give rise directly to the new generation of parasites, 
and again amongst Infusoria the macronucleus seems always to in- 
crease in this way. Furthermore, Nathansohn proved, in the case 
of Spirogyra, that by appropriate treatment with anaesthetics the 
nuclei could be induced to divide amitotically, and that this amitotic 
origin in no way influenced the conditions of the subsequent develop- 
ment of the cells concerned, for these were capable of even pro- 
ceeding as far as to form sexual cells, on the restoration of a normal 
environment. But in comparing amitosis and mitosis together, the 
advantage which the latter possesses, so far as can at present be 
stated, seems to lie in the accurate quantivalent distribution of all 
the structural elements concerned in the process between the two 
daughter nuclei. Whether this is the only advantage, or whether 
perhaps some mechanical or other factors are also involved, must be 
left to the future to decide. 

In considering the general phenomena presented by karyokinesis, 
there are two sets of factors which, though closely interwoven in 
the process, may with advantage be kept as distinct as possible. 
For these changes involve the nucleus on the one hand and the 
cytoplasm on the other, and the degree of complexity which each 
of them may respectively assume is not necessarily invariable or 
correlative, either in different organisms or in different tissues of 
the same individual. A second, and not less important, considera- 
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tion ariuB in connection with the fact that nuclear- and cell- (or 
cytoplasmic-) diviaion are by no means invariably associated, and 
^t although tho cytoplasm never gives rise to a number of cells 
in excess of the number of nuclei present, its divisions in other 
respects may occur independently of that of the nuclei. This is 
seen in the cleavage of some animal eggs (t.g. mollusca), in the 
formation of endosperm in the seeds of angiosperms, in the develoi>- 
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meat of the eggs of Fucua and of tho spores of Mucor. In all these 
instances, the division of the nucleus precedes that of the cyto- 
plasm, which is only subsequently partitioned. 

The first indication of approaching karyokiuesis in an ordinary 
•omatic cell of the body of one of the higher plants or animals is 
usually visible in the nucleus. The chromatin granules become 
aggregated in lines, corresponding to a growing detiniteness in tho 
deUmitatioii of the linin. Thus from the generally granular appear- 
ance, tho character of a much convoluted and tangled chromatic 
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skein is produced. The linin framework does not necessarily form 
a continuous thread. Often it is more or less broken, and it almost 
always shows cross-anastomoses (from which, however, in the later 
phases, the chromatin is commonly absent) with the neighbouring 
threads. This anastomosis is doubtless the expression of its segreg^ 
tion, due to contraction ; the anastomoses themselves representing 
the original meshes by which the substance was formerly bound 
together into a coherent whole. Simultaneously the chromatin 
increases largely both in amount and in the intensity of its stain- 
ing power — a fact which may be taken to indicate a chemical or 
physical change in its state. The linin thread-work that contains 
the chromatin is often not scattered irregularly through the nucleus, 
but is more or less polarised, as was clearly observed by Babl, in 
such a way as to converge, often with considerable distinctness, 
towards one point on the nucleus. This point is occupied by the 
centrosomes when they are present At first usually lying in 
pairs, and often in a mass of archoplasm, these bodies in the simpler 
cases now commence to diverge, and each is either accompanied by 
a portion of the original archoplasm, or else the latter is differenti- 
ated progressively and afresh as they move apart to take up 
diametrically opposite positions on the periphery of the nucleus. 
From them radiate outwards into the protoplasm the well-known 
astral figures which are characteristic structures in the cell at this 
period, and are commonly regarded as of archoplasmic origin. 

Meantime within the nucleus the chromatic thread thickens and 
shortens. Some of its substance is prabably derived, at least in many 
cases, from the nucleolus, which becomes vacuolated and often 
fragments about this stage. Finally, the thread breaks up into a 
number of segments which is constant for the somatic cells of the 
species. These segments are the Chromosomes (Waldeyer). At or 
immediately following this stage a fibrillar structure begins to 
appear within the nucleus, and as it increases the chromosomes are 
gradually driven to occupy an equatorial position (the equatorial 
plate stage) in the nucleus. What is precisely to be looked on as 
the origin of these fibrils (the so-called achromatic fibres which 
together form the achromatic spindle) is not certainly known. 
Some, with Strasburger, hold that they are exclusively of cytoplasmic 
(kinoplasmic) origin, growing inwards, as it were, from the polar 
centrospheres. Others again look on them as derived from nuclear 
substance, whilst a third view regards them as of mixed origin. 
Probably the last view is less open to objection than the other two. 
The fibrillar structures themselves are almost certainly the result 
of conditions of stress and strain in the viscous substances of which 
the cell is composed, and it would appear probable that any sub- 
stance capable of assuming the fibrous character might be compelled 
to do so. And there is abundant evidence to show that such sub- 
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■tMicet do eziat in the nucleus, as the; certainly do in the eyto- 
placm. For in the cue of, t.g., the micronucloi of infusoria, the 
friud* spindle ii entirely intn-nuclear, the cytopUsm apparently 
not fnnuBhing, at least directly, any part of it. 

With the congregation of the chromosomes to form the 
equatorial plate, the first stage or ProjAase of division terminates. 

The equatorial plate, or aster, stage is often one of relatively 
](Kig duration ; so much so that it miiy even happen that some of 
the signs of cytoplasmic activity may fall into temporary abeyance. 
For example, the astral radiations outwards from the centrosomee 
may cease to be visible at this stage (e.g. in PoUia), though they 
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reappear later oa The nuclear wall commonly, though not 
always, disappean whOst the chromOBomes are collecting at the 
equator, and the nucleolus or its fn^ments, if they have not 
previously disintegrated, now arc no longer recognisable. 

The individual chromosomes often, but by no means always, 
assume the shape of a V, with the opex turned centrally in the 
equatorial plane. Each one is supported by fibres of the achromatic 
spindle which run from the poles, and terminate on the chromosomes 
at the equator. The chromosomes next split longitudinally, and 
diis partition forms the commencement of the stage known as the 
Meia^ase. The two daughter halves rapidly diverge, being guided 
by the spindle fibres towards the polea. During their divergence 
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fresh fibr«a are differentiated between the retreating groupa of 
halved chromoBomeB and form the nterEOnal fibrea (Verbiadnngs- 
faden of the Gennim wntera) Whether these pUy any mechan cal 
part n fore ng the daughter chromosoniee apart is uncertain as is 
ako Che rOIe assigned to the above-mentioned fibrea that appear 
to d rect the chromosomeB towards the poles Probably the latter 
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are actively contractile, and there is some evidence to show that the 
interzonal fibrea are in a state of stress. In some instances, t.g. in 
fertilised and aegmenting eggs of Fucus, the arrangement of the 
elongated plastids in thia region plainly indicate such a condition of 
atreaa or strain. But the achromatic apparatus varies considerably 
in the degree of ita complexity, and it probably would be unsafe to 
attempt to assign constant functions to its constituent parts. So 
much, however, may be said, that the chromosomes appear to be 
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fomvelji moved to their respective poles, and to possess no power of 
Mitomfttic movement of Uieir own. 

With the arrival of the chromosomes at their respective poles 
the Anaphate stage supervenes. This consists practically in a 
uries of regreeaive changes which leads to the formation of oormal 
reating onclei. The chromosomes lose their sharp outline and 
swell up ; at the same time the nucleoli once mors reappear. The 
chromatin, or as much of it aa persists, is distributed through the 
iwolleo Unin just as it originally existed in the parent nucleus, and 
finally a wall isolates the daughter nucleus from the surrounding 
cytbplaam. But the cytoplsam still benra tracer of recent dis- 




turbances, and the period of gradual restoration of quiescence in it 
forma what is sometimes known as the Tftopliase 

The centroeome (when present) is often already doubled during 
tho meta- or ana-phase, but the astral radiations frequently do not 
die away tdl much later It is in the region of the intorional 
fibres that events of the greatest interest are now proceeding. In 
animal tissues it very often happens that the two cells are constricted 
equatonally, and they may ultimately become dolimit<>d from each 
other, the remains of the interzonal fibres then remaining at this 
spot, where they may be long recognised aa the Intentudtale Body. 
In plants, owing to the existence of a cellulose skeleton, and the 
close adherence of the cytoplasm to its internal surface, such a con- 
striction does not usually arise. Instead of this the fibres increaae 
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greatly in number, especially in the equatorial zone. In then 
fibres the primordium of the new cell-wall is laid down, in the flnb 
instance as a. viscous film, but which later, by the depoaition of fresh 
substances, becomes converted into the celluloee partition. Its 
mode of formation is interesting because reasons have been shown 
for supposing that some at least of tlie protoplaaiuic connecdong 
between adjacent cells are primarily effected by the permanence of 
such continuity through the membrane during its formation. 




It may, however, happen that no membranes are formed in the 
interzonal fibres, such as will serve to delimit the daughter cells 
from each other. A complete series can be traced between the two 
extremes. Thus in the first division of the spore-mother-cell of ' 
Fegatella (Fig. 13), a cell.plate is laid down, hut not completed, and 
it is not until after the next nuclear division that this wall (which 
has shifted its position in the interval) becomes part of the final 
partitioning membranes. Again, in the endosperm of seeds, some- 
times the embryosac is transversely divided after the first karyo- 
kinfsis, but far more commonly a lar^o number of nuclei are first 
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formed. These then take up their final positions, and a new ul of 
interzonal fibres are differentiated between them, and in the 
eqiMtorial planes of these groups of fibres the cell-walls are laid 
down. And finally, in other cases the cytoplasm may divide into 
masses containing either single or several nuclei, end secrete 
membranes without the intervention of interzonal fibres at all. 

It will have become evident from the foregoing account of the 
relation between the nucleus and the cytoplasm, that these two 
principal constituents of 
a cell retairj to a consider- 
able extent a separate 
individuality, at any rate 
in the higher forms. This 
separate nature only be- 
comes obscured at periods 
of division, but oven here, 
as has been seen, the 
essential boundaries are 
retained through all the 
changes connected witli 
fission and redistribution. 
Thus it is legitimate to 
regard the cell nucleus 
as an entity which does 
not arise de tuno. The 
nuclei of successive cell- 
generations are lineal 
descendants of an ances- 
tral nucleus, just as the 
cells of the present day 
owe their being to the 
multiplication of ante- 
cedent parent cells. 

The nucleus, how- ^ ^ ^ ^^ 
ever, does not stand sm (onnHi w 
alone amongst the cell 

eonstituente as only arising by multiplication by fission of pre- 
existing stnictures of a similar character. In the planlK»ll the 
various plaatids originate in a ainiilar manner, and there is no move 
evidence to show that tlicy can be differentiated afresh from thu 
general cytoplasm, than that the latter, by spontaneous generation, 
can arise de now from its elemental constituents. The same is true 
for the curious coloured plastids known as Zoochlorella in animals, 
which possibly represent species of algae imprisoned in the cells of 
their animal hosts, or perchance, though less probably perhaps, they 
may be regarded as more akin to the chlorophyll corpuscles of the 
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plant cell. The latter hypothesis would be difficult to sustain in 
the absence of a series of forms through which their evolution 
might be traced, whilst, on the other hand, the symbiotic relation- 
ship existing between fungi and algal cells in a lichen strongly 
supports the presumption that an analogous case is furnished by the 
Zoochlorella organism and its host. 

" Redudion Divisions.^* 

Few cytological discoveries have aroused more widespread 
interest than that of the periodical recurrence of the schcalled 
" Reduction Divisions,'' which are intercalated at some point in the 
cell-generations intervening between two consecutive sexual uniona 
Each uniting gamete or sexual cell contains in its nucleus only 
half the number of the chromosomes that will be characteristic of 
the embryo resulting from their fusion, and will be retained 
throughout its cell -generations up to those which lead in their 
turn, more or less directly, to the production of spermatozoa and 
mature ova. This remarkable phenomenon has been observed in 
all the animals and plants which have been carefully studied, with 
the exception of the more lowly or primitive forms in which the 
nuclear history is but imperfectly understood. 

The phenomenon in question was first made known by the 
investigations of Van Beneden in 1883 and 1887 on Asoaris. The 
choice of this animal was in some respects perhaps not very 
fortunate, since it does not exhibit the process in a very typical, 
but rather in an extreme, form, and thus a certain amount of 
misapprehension prevailed at one time respecting it. Since that 
period, however, very numerous animals and plants have been 
studied, with the result that the phenomenon is proved to be of 
very general occurrence, though differing considerably in detail in 
the various organisms. 

At first, and perhaps naturally, the view was advanced that the 
reduced number was secured through the mere degeneration and 
consequent elimination of the superfluous chromosomes, but it gradu- 
ally became clear that the evidence was entirely opposed to such a 
simple explanation, and that, on the contrary, the reduction was 
only arrived at after an exceedingly complex rearrangement of the 
nuclear constituents. It would, however, be going too far, as will 
subsequently appear, to deny that any nuclear substance is lost : 
all that can be said is that it is certain that no chromosomes^ as such, 
are normally eliminated. 

In attempting to trace the sequence of events, it must be borne 
in mind that the process is evidently one of the highest importance, 
seeing that it occurs alike in animals and in plants, and this 
importance is increased rather than lessened by the further 
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recognition of the fact that the reduction may occur at morpho- 
logically diverse stages in the life-history of the various organisms 
— ^a fact which clearly emphasises its profound physiological sig- 
nificance. But although there is no lack of hypotheses to explain 
it^ no one as yet has given a satisfactory theory which will 
embrace the whole range of the phenomena concerned. 

In the higher organisms the process of reduction appears 
invariably to be closely bound up with two nuclear divisions which 
rapidly succeed each other, and are hence often spoken of as the 
Reduction Divisions. These differ in some important respects from 
those characteristic of other mitoses. They can only be con- 
sidered in outline here, and after premising the existence of a not 
inconsiderable diversity as tx) the details of tLe process in different 
organisms. In animals the mitoses in question only occur in direct 
relation to the formation of the sexual cells or gametes, but in 
plants it is more usual to find a greater or less number of cell- 
generations follow on the Reduction Divisions before the actual 
gametes are formed. Thus it becomes obvious that the formation 
of sexual cells is not a necessarily immediate consequence of the 
change in the nucleus. 

If the course of events be studied in an animal, it is seen that 
in the development of the spermatozoon and of the mature egg, a 
strictly comparable series of changes is passed through. Just as 
the spermatocyte gives rise, by two successive bipartitions, to four 
sperms, so the immature ovum, by means of two successive nuclear 
divisions, gives rise to four potentially fertilisable eggs, of which, 
however, three commonly degenerate and are known as the polar 
bodies. 

The nucleus of the spermatocyte, just as does that of the im- 
mature egg (which may be distinguished from the ripe egg by 
the name of oocyte), goes through a somewhat prolonged period of 
growth before entering upon the critical mitoses. As these two 
divisions are marked by certain peculiarities from those of the 
other ceU-generations, it is convenient to designate them by special 
names. 

The first may be termed the Heterotype, the second the 
Homotype, mitosis, following the terminology introduced by 
Flemming. During a targe part of the growth -period, leading 
directly to the heterotype division, the nucleus cannot be correctly 
described as resting, for the linin reticulum is plainly discernible, as 
also are the regularly arranged chromatin granules, which serve to 
render it distinct In fact, this prolonged spireme is highly 
characteristic of the heterotype mitosis, as contrasted with those 
which have been previously gone through. It is during this stage 
that the fission of the chromatin granules occurs, as was first seen 
by Pfitzner in 1881. Each granule becomes drawn out into a 
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damb-bell -shaped body, and Rnally two rows of granulea are bmr 
to occupy the margins of the flattened linin riband. 

This stage is often (Salamander, Helix, Lilium, etc) followed by 
a more or less complete longitudinal fission and separation <A the 
linin riband, each half now containing, at least at first, a single row 
of chromatin granules. It is perhaps not improbable that a similar 
process also occurs during the corresponding stage of somatic 
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mitoses, but the shortness of its duration in the latter renders the 
process difficult to observe. At or about this period a remarkable 
contraction of the chromatic linin filament occurs, and commonly 
the nucleolus is included in the tangle. To this stage the name of 
Synapsis (Moore) has been given, and it seems to represent an 
important step in the process, and one which is confined to this 
first (heterotype) reduction diosion. After the synaptic condition 
is over, the linin, which has been getting richer in chromatin, is 
usually seen to be shortening, and at the same time thickening, but 
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it may happen that the subsequent events become much obscured, 
the filamentous arrangement of the linin and chromatin ceasing to 
be distinctly recognisable. 

Up to this period there is, on the whole, a general agreement 
as to the nature and sequence of events, but the subsequent 
changes have been very diversely described and interpreted in the 
case of different organisms. 

In the most favourable cases the parallel arrangements of the 
chromatin granules and of the split linin thread can be followed for 
some time during the shortening and thickening of the filaments. 
Brauer has described, for the spermatocytes of Ascaris, a uotrnd 
longitudinal fission in each chromatic filament, resulting in the 
production of four rows of chromatin granules from the single row 
originally present in the primitive thread. A similar event has 
been stated by some to occur in the corresponding division in the 
pollen-mother-cell of a lily. In the majority of instances, however, 
the chromatic linin is seen to contract and thicken, and all traces 
of the fission may become unrecognisable. Finally, the chromatin 
comes to be aggregated in definite parts of the band, the intervening 
portions being occupied by colourless linin. There are often, also, 
cross anastomoses of the same substance between neighbouring 
strands. The chromatic areas in question mark the position of the 
developing chromosomes (Fig. 15, A\ which gradually become 
more definitely isolated from each other. And they are seen to 
be present in half the number characteristic of all the preceding 
nuclear divisions in the organism. Once more each chromatic band 
exhibits a split ^ along the whole or greater part of its length, and 
this marks the line along which, later on, the cleavage of the 
chromosomes in this (heterotype) mitosis will be effected. In many 
cases, as is especially well seen in amphibians (Fig. 15, B^ (7), the 
fission of the young chromosome is incomplete and the sides diverge, 
thus causing the whole to assume the form of a closed ring. In 
other instances, however, the fission is completed, and the two 
halves, lying in close juxtaposition, may exhibit a complex series 
of figures which demand much care in their elucidation.^ 

^ It is commonly assumed that this split represents the origiiinl longitudinal 
fisnon of the linin filament. It is not, however, proved beyond doubt that this is 
invariably the case. 

* These appearances have, however, been differently explained by some investi- 
gators ; thus some have seen in them evidence of an approximation of two tfniirt 
soiftatie ehramotomeif hence when the apparent halves separate to give rise to the 
chromatic part of the daughter uucWi, it would follow that what has really 
occurred is the distribution of half the original entire somatic chromosomes to the 
daughter nuclei. That is to say, the division might be regarded as qualitative as 
well as merely as quantitative. And it will be evident on reHectioii that the same 
result might be reached as the result of various analogous interpretations of the fore- 
going processes, especially when the difficulties of investigation that occur during the 
•ynaptic tangle are borne in mind 
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But the evolution of the chromosome does not always follow 
along thew lines. In a number of instances, exemplified by many 
arthropods {e.g. Cyclops), after the early chromatic fission has been 
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passed through, and the number of the future chromosomes has 
been marked out, these bodies, it is true, may form rings 
(Gryllotalpa) or paAllel rods (Cyclops), but the chromatin, instead 
of being tolerably equally distributed throughout the length of the 
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longitudinal halves, becomes specially aggregated at two spots in 
eacL Thus are formed the so-called Te^ad^ to which much im- 
portance has been attached in the theoretical interpretation of the 
whole process of reduction. For it is thus seen that in the above 
cases the tetrad may be regarded as having originated first by a 
longitudinal fission of the chromosome rudiment^ and then by a 
transversely isolated aggregation of chromatin in each half. 

It may also happen that tetrads are formed in a manner less 
easy to follow out^ as in Helix and in Arion, in which the separate 
filaments are difficulty if not impossible, to trace in the stages 
immediately preceding their formation ; the chromatin thus appear- 
ing, so to speak, to travel to and become aggregated at definite 
areas, and to assume in a somewhat irregular manner the ring form 
of tetrad, similar to that occurring in Oryllotalpa, as described and 
figured by vom Rath. 

Still another tjrpe of tetrad formation has been described by 
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Diagnm illoatimUng tetnul formation. A^ the Rnlit thrMd (splrein) stage. B, later stage, 
allowing aggregation cw chromatin at each end of toe aplit bivalent chrouioeouiet. C, ftdljr 
fonned tetrads, of which the one to the right repreMntn the moat typical form. 

Brauer as occurring in the spermatogenesis of Ascaris megalocephala 
already alluded to above. The lining filament first contains a single 
row of chromatin granules, each of the latter divides crosswise into 
four, which lie in the same transverse plane, and hence the original 
filament now contains four rows of chromatin granules. As the 
process of shortening and thickening progresses, these become, so 
to speak, telescoped together, and the end view of each filament 
exhibits four chromatin masses corresponding to the four rows 
just described, and which thus appear as tetrads similar to those 
of Cyclops, although they would appear to have a very different 
origin. For whereas in the latter case the single units of the 
tetnd have arisen as the consequence of two longitudinal fissions 
of the original chromatin granules, in the case of Cyclops the same 
appearance is apparently produced partly by a longitudinal fission, 
and partly by a transverse delimiting of the original granules. In 
the first maturation division of the egg of the same animal, each 
chromosome is seen to be divided completely into four segments, 
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though it is not certain as to whether the details of their develop- 
ment are similar to tliat of the spermatogenetic tetrads as described 
by Brauer. 

Meanwhile, other changes have been proceeding, both within 
and without the nucleus. The nucleolus commonly can be seen to 
lose substance during the growth of the chromosomes, as is testified 
by its vacuolated appearance. Often it fragments into smaller 
particles during the prophases. But it has been definitely ascer- 
tained, in many cases, that some part of this body is cast out into 
the cytoplasm where it degenerates, and it is not improbable tliat 
this will prove to be of very general occurrence. The possible 
significance of this event ought not to be overlooked in view of its 
striking occurrence in the lower forms of life, for it is in them that 
the clue to the meaning of the complex changes observed in the 
higher animals and plants must pro1)ably be sought. 

In the cytoplasm, also, remarkable changes connected with the 
centrosome and spindle mechanism have been proceeding. The 
latter reaches very difl'erent degrees of completeness in different 
organisms, and, as has been said on a previous page, even in the 
different cells of the same organism. In the simplest case the two 
centrosomes, when present, diverge and form a spindle not dis- 
similar from tliat already described for somatic nuclear division. 
In other instances (e.g, in Salamander) the two centrosomes diverge 
tangentially to the nucleus, and the spindle is formed between 
them, and, in the first place, without immediate reference to the 
nucleus. Later on, however, from the poles of the central spindle 
thus differentiated not only do the radiating fibrils reach into the 
protoplasm, and even to the periphery of the cell, but there are 
also others that extend to the nucleus and become attached to the 
chromosomes. The latter are thus, as it were, roped up and pulled 
on to the penphery of the first formed spindle (Fig. 15, Z>, E), 
Almost every gradation occurs between the extreme forms here 
sketched, and the matter seems to be essentially one of more or 
less complete division of labour between the constituent parts of 
the achromatic spindle regarded as a whole. In the Salamander, 
and those other cases in which it appears in a more or less complete 
form, the central spindle seems to function as a sort of support to 
keep the two poles apart, and to serve as a sort of railroad along 
which the daughter chromosomes can be pulled along by the con- 
tracting peripheral or mantle fibrils that attach them directly to the 
poles. 

In the divisions of the higher plants, as has already been ob- 
served, no centrosomes have been identified with certainty, and the 
spindle at first starts into existence quite irregularly. It speedily, 
however, becomes for the most part bipolar, although not unfre- 
quently isolated fragments of extruded nucleolar substance exert a 
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very obvious influence on the direction of individual fibrils which 
may deviate towards and even terminate upon them. 

When the chromosomes have reached the equator of the spindle 
they may still preserve the form of rings, tetrads, or more complex 
shapes, and the method of their fission which leads to the severance 
of the daughter chromosomes is seldom so clearly longitudinal as is 
the case in a somatic mitosis. The rings present the greatest 
difficulty, and there exists a considerable divergence of opinion as to 
whether their division really corresponds to a transverse or to a 
longitudinal fission of the whole chromosome. The answer practically 
turns on the conclusions arrived at as to the path of development 
followed by the chromosome during the earlier phases ; t.«. whether 
the plane of separation really corresponds to that of the cleavage of 
the granules, or whether it may not be related to a totally different 
series of events, and marks the separation of originally bivalent 
chromosomes as is contended by some observers. In the latter case 
the complete identity of all the parent somatic chromosomes would 
be preserved in spite of its apparent loss through the fusion of them 
in pairs. The separation of the daughter chromosomes would be 
thus interpreted as not due to the fission of on^, but as the segrega- 
tion of each individual of a 'pair which had previously become 
temporarily united. 

After the separation of the daughter chromosomes and the com- 
pletion of the anaphase (Fig. 15, G) and telophase, the two nuclei 
which are thus formed commonly commence immediately to divide 
once more. Again the reduced number of chromosomes reappears, 
but the character of the process superficially resembles a somatic 
mitosis much more closely than the preceding heterotype division, 
and for this reason the name of homotype was given it by Flcmming. 
In reality, however, there are many other points of difference, 
besides that of the reduced number of chromosomes. The first, 
and perhaps the chief, peculiarity lies in the fact that there is good 
reason for believing that the line of fission of the chromosomes is 
always predetermined during the prophases of the preceding, the 
heterotype divisions. This is strildngly seen in the case of Ascaris 
ogg^ ^^ which, during the first maturation division, two of the four 
rods that together represent one chromosome are distributed to 
the daughter nucleus as the equivalent of a single daughter chromo- 
some, whilst at the second mitosis each chromosome emerges as a 
double (not quadruple) body, and at the metaphase the two con- 
stituent or collective parts separate from each other as the definitive 
chromosomes of the next (and final) nuclear generation. Essentially 
the same coarse of events obtains in cases of tetrads. 

When these divide at the equatorial plate the resulting dyads 
thus formed retreat as the daughter chromosomes, and on the rapidly 
following homptype division the dyads again reappear in the early 
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Btages and diyide at the equator, each half (monad) forming a 
daughter chromosome. 

And an essentially similar condition obtains in at least many 
other more obscure instances. Thus in Salamander and in Trades* 
cantia, during the dyaster condition of the anaphase of the hetero' 
type, each daughter chromosome is seen to be longitudinally divided 
(Fig. 15, F), This almost certainly is the result of the reopening of 
a split formed during the prophase of the heterotype, but which ha0 
escaped recognition in many cases owing to the great difficulties 
which these earlier stages present in their investigation. And the 
fission, thus obvious in the dyaster of the heterotype, provides the 
daughter chromosomes for the next (homotype) mitosis. 

It is thus seen that these two mitoses, the heterotype and the 
homotype, which in animals are the immediate forerunners of the 
differentiation of the sexual cells, are clearly distinguishable from 
the preceding ones in several important respects. 

1. The appearance of the clut)mosomes in the reduced number, 
i.0. they are only half as numerous as in the rest of the nudeL 

2. The long duration of the prophase, and the complex changes 
and rearrangements, including, probably universally, a preparation 
for the distribution of daughter chromosomes not only for this but 
also for the succeeding division. 

3. The remarkable forms assumed by the chromosomes upon 
the spindle. 

4. The very general extrusion of nucleolar substance, in rela* 
tively large quantities, from the nucleus during the prophase. 
Although prolMkbly of importance, it would be as yet premature to 
speculate on the precise weight to be attached to this phenomenon, 
but it is suggestive when considered in relation to the course of 
events described for protozoa. 

The accompanying figure may serve to render clearer the exact 
nature of the different views which have been held as to the nature 
of the processes which are passed through in the reduction divisions. 
The somatic cell (I. in the figure) is supposed to include two 
chromosomes, and below are represented, diagrammatically, the 
various alternative phases gone through during reduction, the 
corresponding stages being shown in any four figures on the same 
horizontal line. The series IL and III. represent the events which 
may be passed through on the assumption of the permanence of the 
chromosomes, whilst the series IV. and V. correspond to those in 
which such a permanence is denied. In the former case the two 
original chromosomes, A, B, remain temporarily united, and their 
two methods of possible . separation are respectively shown. In 
rV. and v. no continuous identity is claimed for the chromosomes, 
and the two original ones are replaced by a single new one (G). 

Considerable difference of opinion exists, Uien, as to the real 
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nature, as well as the meaning of the events which are thus bound 
up with the two divisicms under consideration. The indications 
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Dkgmns of Heterotype and Homotype mitoses to illastnte the various possible wajs of 
iaterpreifng the chromosome distribution. 

afforded by the constancy in number of the chromosomes through 
the cell-generations of an organism point to a morphological per- 
manence, and it has been argued that the same chromosomes re- 
peatedly are re-formed at each mitosis. 
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And since, during the reduction division, there is no evidence of 
the elimination or degeneration of any chromosomes, it is further 
urged that each of the apparent units appearing in the prophase 
of the heterotype division are really bivsJent, and represent two 
chromosomes joined end to end, but otherwise behaving as one. 
Hacker, who has ably supported this view, believes, in common 
with many who share it with him, that the tetrad is to be thus 
explained. The longitudinal fission which divides the bivalent 
rudiment of the chromosome is succeeded by a more or less trans- 
verse separation or isolation of the chromatin, which marks the 
fourfold character of these chromosomes. Consequently each 
tetrad really represents not one but two chromosomes, and whilst 
the first (heterotype) division corresponds to the line of longitudinal 
cleavage, the second (homotype) separates and distributes actual 
efaiire chromosomes. Hence it is supposed that a real distribution 
of eidire and diverse chromosomes occurs at the homotype mitosis, 
whilst the heterotype is essentially similar to a somatic division, 
and the reduction in number (due to the coherence in pairs) of the 
chromosomes is only an apparent one. If it could be universaUy 
proved to be true, such an explanation would account for many of 
the remarkable peculiarities which, as has been seen, characterise 
these divisions, besides affording a very strong support to the 
theoretical views as to the nature of the mechanism of inheritance 
advanced by Weismann. But the apparently well-established belief 
that in other cases the preparation for the two divisions is accom- 
plished by means of two longitudinal divisions of the chromatic liiiin 
militates strongly against conceding the value of a general inter- 
pretation to the views just sketched in outline. And moreover the 
facts of amitosis as known to occur in some instances, also, though 
in a somewhat different way, tell against the permanence of the 
chromosomes, and consequently against the theories which have 
been founded on that hypothesis. On the whole, the facts at present 
before us rather tend to support the view of the brothers Hertwig ; 
according to them the real significance of the process lies in that 
sudden quantitative reduction of the chromatin which is a necessary 
consequence of the rapid succession of the two mitoses in question. 

It has already been pointed out that the reduction divisions are 
a common feature to both animals and plants. In the latter, how- 
ever, there appears to exist a much greater latitude as to the point 
in the life- history at which they occur. In all the archegoniate 
series of cryptogams, which includes the mosses, hepaticae, and 
vascular cryptogams, as well as in all the flowering plants, the re- 
duction divisions are not immediately connected, as they are in 
animals, with the formation of the sexual cells, but with the asexual 
spores from which the generation bearing the sexual organs arisea 
Thus, after the homotype (or second) division, an indeterminate 
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number, which may be very considerable, of cell-generations inter- 
venes between the division in question and the differentiation of the 
sexual cells. It is true that, as in some of the flowering plants 
(the embryoeac development of the lily, for example), the divisions 
giving rise to the four spores may be omitted, but the characteristic 
features of the heterotype and homotype mitosis reappear, although 
thus postponed, in the first divisions of the nucleus of the embryosac 
(macrospore). This indeed is a fact of the utmost importance, as 
emphasising the physiological necessity of the process ; just as it in 
all probability (from its community to animals and plants) pre- 
ceded current morphological differentiation, so now if necessary it 
can override morphological limitations, or at any rate it is not bound 
up with them. 

Amongst the lower plants the facts have been tolerably com- 
pletely elucidated in the case of Fucus, an alga in which asexual 
spore -formation does not occur. The nuclei of the plant possess 
the double (somatic) number of chromosomes until the formation of 
the sexual organs. The oogonium gives rise to oospheres (typically 
eighty though some may degenerate) by these nuclear divisions. 
Of these, the first two are respectively heterotype and homotype, 
and follow on each other with great rapidity, the last mitosis not 
occurring till after an interval of rest. 

In some of the desmids, and probably also in Spirogyra, there is 
evidence to show that the reduction divisions, on the other' hand, 
occur not at the close, but at the beginning of tlie life-history, with 
the first segmentation of the fertilised oosphere. But in the 
majority of these lower organisms information of a precise char- 
acter is still lacking on the matter. And until our knowledge of 
the corresponding processes in the lower animals and plants becomes, 
much more complete than it is at present, we can scarcely expect to 
solve the problem as to the utility or the necessity of the complex 
events connected with the reduction divisions. 

Although the higher animals and plants exhibit considerable 
diversity amongst themselves in the series of changes passed 
through by the nucleus in division, as well as in the relationships exist- 
ing between the cytoplasm on the one hand and the cell-wall on the 
odier, they nevertheless agree for the most part in the broader out- 
lines. The points of similarity are, on the whole, more striking 
than are the differences, and the latter can often be referred with- 
out much difficulty to unimportant deviations from a common ground- 
plan. But although- this is the case, the actual meaning of the 
phenomena, as well as their phylogenetic origin (if there be one), 
can hardly be grasped or explained by a reference to these forms 
alone. It is in the study of the lowest forms of life that the key 
to the solution of cytological problems may be sought for with the 
greatest hope of success, for amidst the striking diversity exhibited 
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Iq them an analysis of the processes may render it possible to dis- 
tinguish between the essential and what is merely accessory, and 
may indicate the mode and directions in which the structures 
characterising the higher plants and animals have been elaborated. 
The essence of the type may perhaps be most clearly gathered from 
a consideration of the deviations from it. Nevertheless, one is 
confronted at the outset with difficulties. For although the nuclei of 
many protozoa are apparently extremely simple, yet in the details of 
their division they may exhibit considerable complexity, and this not 
by any means always in the direction followed by the nuclei of higher 
organisms. And conversely, nuclei are not seldom met with in 
these low organisms which surpass those of the metazoa and meta- 
phyta in differentiation, whilst in mitosis they are commonly simpler. 

The features which seem to be common to all nuclei are — (1) the 
existence of chromatin in some form or other ; (2) a matrix in which 
the chromatin is imbedded, but which in the simplest cases may be 
indistinguishable from the ordinary cytoplasm. Furthermore, the 
fission of the chromatin is a common, perhaps invariable, antecedent 
to nuclear division, but it is often difficult to ascertain, and may 
possibly be really absent in some cases ; for example, in muny amitotic 
divisions. 

The subsidiary structures, amongst which the centrosome stands 
pre-eminent, can only be rightly appraised when their origin has 
been traced in the lowest forms, in which various bodies which 
appear to possess functions analogous with those credited to 
centrosomes have often been distinguished. 

As regards the occurrence of nuclei in the Protozoa and the 
simplest plants, the investigations of recent years have tended to 
reduce the number of those from which nuclei were formerly 
believed to be absent, and at the same time it has become evident 
that the structure in question may be present in very different 
degrees of completeness. Thus in Chromatium, and probably in 
bacteria generally, it is not possible to speak of the existence of a 
definite nuclear body, but granules which on good grounds have 
been identified with chromatin are to be distinguished in the 
protoplasmic framework of the cell. In the cyanophyceae also 
similar granules are visible, but are restricted to a definite 
specialised part of the cell-protoplasm, although the latter cannot 
be spoken of as a nucleus. In many of the forms which possess 
scattered chromatin granules there is visible in the cell a body 
which is obviously connected with the mechanism of chromatin 
distribution, for on cell-division the granules of the latter congre- 
gate around the central body, which sooner or later divides, each 
half canying with it half the chromatin, in the form of attendant 
satellites, to each daughter cell. In some organisms, e,g. 
Tetramitus, the granules are distributed through the cell- 
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protoplasm id the periods intervening between two fissions, and are 
only intimately associated with the centra] body at the time of cell- 
division ; in others again, t.g. Chilomonas, they remain constantly 
grouped in the vicinity of the body to which refereoce has just 
been made. No Btnicture has been certainly made out in it, but it 
has often been compared to, or identified with, the central body 
present in many of the more higlily differentiated Protozoa, such as 
Euglena, and it has further been likened to the nucleolus and also 
to the oeatroephere of those cells in which these structures have 




been found to occur. Indeed, it would eeem that there is at least 
some justification for the latter comparison, inasmuch as it appears 
at least to discharge functions somewhat similar to those performed 
by the centfosome though in a very rudimentary degree. 

A distinct advance in difi'erentiation is reached when the 
chromatic and other consdtuente of the nuclear apparatus are not 
only aggregated together, but are also delimited from the rest of 
the cytoplasm by a wall or membrane. The degree of individuality 
thus ob^ined provides a condition favourable to further special- 
isation, but it seems clear that at any rate the linin framework in 
which the chromatin is imbedded may be fairly tnM»d back to a 
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true cytoplasmic origin, however much it Toxy have become modi- 
fied or altered under more special conditions. The chromitin in 
these primitive nuclei ia often aggregated into clumps as in Actino- 
aphaerium, Noctiluca, Coccidium, etc, or even concentrated into one 
massaainActinophiysandSpirogyra. Theaemasaeahavebeentermed 
nucleoli by aome writers, but recent inveitigatioaB tend to abow that 
they really represent composite itnictures which contain other 
subatancea in addition to chromatin. In coccidia, for example, 
Scbaudinn and others have shown that, although the chromoaomeB 
are derived from them, there exieta over and above the chromatin 
a considerable mass of subatance which is left behind after ita ezit, 
and much the same is seen in Atnoeha hyalina. Possibly their 
analoguea may be sought in certain of the so-called pseudo-nucleoli 
of the higher organisms, or in those occurring in the nuclei of 
Spirogyra, where it has been repeatedly asserted that the chromo- 
aomos originate from the nucleolus. As regards the origin 
generally of the chromosomes and of the peculiar features exhibited 
by them during mitosis, there seems but httle doubt that they have 
arisen through stages like thoae seen in totramitus and chilomonaa, 
in which the distribution of isolated* chromatin granulea can be 
followed. The granulea first become aggregated into definite tracts, 
and these form the primordia of the chromosomes themselves. The 
actiiHl stages passed through are obscure, and even allied species 
exhibit considerable differences amongst themselves. Thus in the 
Amoeba, amilosia seems regularly to occur in Amoeba brevipes and 
A. polypodia, and also in A. cn/slalligera ; but in A. hyalina, accord- 
ing to Uangeard, the chromatin separates from a central body and 
is differentiated to form chromosomes, whilst the remainder of the 
body gives rise to a rudi- 
mentary apindle which i» 
entirely intra-nu clear. Id 
A. binudeata the two nuclei 
divide simultaneously in a 
mitotic manner, and the 
aame is true of the colonies 
of the amoeba'like myxo- 
mycetes. When a Plas- 
modium ia about to form 
spores, it may be found 
with nuclei showing typical 
karyokinetic figures, all the 
, nuclei being in the same 
' phase. 

A remarkable dimor- 
phism occurs in the nuclei of Pairamoeba eilhardi, in which Schaudinn 
deacribea one of them as reeembling a nonnal amoeban nucleus. 
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whilst the other ii much poorer in chromatin. Duriog mitosis the 
two act as complements, the latter nucleus furnishing the spindle 
apparatus, whilst the former supplies the chromatin. Much specu- 
lation haa been built on this case, which is assumed bf some writers 
to indicate that the centrosome or centroaphere is equivalent, 
phflogenetically, to a nucleus. But it may be open to doubt 
whether the facts in Paramoeba have really been correctly inter- 
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prcted, in the sense of regarding the spindle-forming structure as a 
genuine nucleus. 

Many cases are known in which bodies which represent centro- 
■omes originate from the nucleus, as appears certainly to be the 
case in Actinosphaerium, and especially in Acanthocystis, as described 
by Schaudinn. In the latter animal the ordinary nuclear divisions 
are associated with the fission of a corpuscle or centrosome occupy- 
ing a central position in the cell, the nucleus lying close to its side. 
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But in the numerous instances in which amitosis occurs (as in 
budding), the *' centrosome " does not divide, and the nucleus of 
the freshly-budded cell possesses no such structure. Soon after the 
complete formation of the bud, however, a dense spot is formed 
within the nucleus, and is then extruded into the cytoplasm, where 
it continues to function as a centrosphere. The evidence, as drawn 
from a study of the lower organisms, seems to point strongly in 
favour of a nuclear origin for the centrosome apparatus in many 
cases, although the simplest examples cited on a previous page also 
indicate that, in others, such a structure might be coeval with, if 
indeed not actually antecedent to, the primary differentiation of a 
true nucleus. 

In a considerable number of cases it seems at least clear that 
the body or the substance which stimulates and brings about the 
division of a nucleus is derived from the nucleus itself, even though 
it may migrate into the cytoplasm, where it may continue to exert, 
under appropriate conditions, that influence on the nucleus which 
culminates in division. Thus, in diatoms the centrosphere is 
found in the cytoplasm, just as it exists in many metaisoon cells. 
The actual location of the centrosome does not necessarily, however, 
settle the question as to its real origin, and it may indeed assume 
an intra- or extra-nudear position in closely allied forms ; as, for 
example, in the two varieties of Ascaris megalocephaloj being 
situated within the nucleus in the variety univalenSf and outside it 
in the variety bivalens, 

A remarkable side issue has been introduced into the contro- 
versy as to the phylogenetic origin of the centrosome by a considera- 
tion of the peculiar nuclear apparatus which is met with in most 
ciliata and suctoria. These organisms, with a few possible exceptions, 
possess a mega- and a micro-nucleus, the former presiding over the 
somatic life and divisions of the animal, the latter only becoming 
prominent during the phases of sexuality. Some writers have 
sought to derive, phylogenetically, the centrosome from the micro- 
nucleus, whilst they see in the meganucleus the' representative of 
the metazoon nucleus. But' quite apart from the fact that, as 
Schaudinn pointed out, centrosomes appear in the much simpler 
heliozoa, the fact that the micronucleus alone divides mitotically, 
whilst the meganucleus always does so by amitosis, seems a serious 
difficulty in accepting such an interpretation. Moreover, the macro- 
nucleus itself springs from the micronucleus after each sexual act, 
and only persists till the close of the sexual cycle, at which period 
it totally disintegrates, and thus suffers somatic extinction. It 
would certainly appear that at any rate it is useless to look to such 
a source for the origin of the centrosome, which really seems to 
rest on no better basis than a purely fanciful comparison. 

A consideration of the maturation processes which obtain in 
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the lower plants and in the protozoa when more fully understood 
will certainly shed light on the obscure phenomena exhibited by 
the higher forms, and may ultimately give the clue for correctly 
appreciating the general significance of the processes involved. It 
has already been remarked that the exact point in the life-history 
at which these remarkable divisions periodically recur is not identical 
for all organisms, whilst the universality of the process indicates 
clearly its great and fundamental importance. It has been urged 
by some that the chromosomes, which are by those writers postu- 
lated as permanent structures, become distributed between the 
daughter cells in such a manner that only half of the original 
number persist in each sexual celL And in this way room is made 
for the new ones imported in either of the two conjugating gametes. 
Others again, like Oscar Hertwig, regard the quantitative reducing 
of the chromatin (as opposed to that of the chromosomes) as the fact 
of prime significance. In many of the lower forms, and notably in 
the coccidia, the evidence tells strongly for this view ; for in them 
it is the definite fact that a large part of the mother nucleus is left 
unused when the gametes or gametocytes are produced, and thus 
there is a quantitative reduction of a very pronounced character. 
Again, in the same organisms the multiple division of the nucleus, 
taken together with the amitotic division of the nucleus of the 
zygote at segmentation, seem to tell equally against a mechanical 
necessity for similarity in the chromatic strands. It is not easy to 
believe in the permanent existence of specific chromosomes under 
such circumstances ; but, on the other hand, there is no doubt that 
if the dififerent chromatic granules do really represent slightly 
different structural characters, a qualitative reduction much in 
the sense assumed by him may actually take place. For there 
can scarcely exist any doubt but that^ as the result of these pro- 
cesses, the surviving parts of the mother nucleus do not represent 
(especially after a multiple division) exact images of the original 
nucleus from which they have sprung. But it would also seem to 
be clear that whilst both a quantitative and a qualitative reduction 
have taken place, these can hardly be regarded as direct means of 
ensuring that an imvarying proportion of the original chromatin 
shall be distributed amongst the daughter nuclei. Whether the 
constant proportions observed in the higher forms is to be explained 
as the result of a more definite constancy in the chromosomes, 
together with the continuous existence of these structures in the 
hypothetically more specialised nuclei of the higher animals and 
plajits, is a matter upon which it is as yet impossible to make any 
positive statement It may, however, be confidently asserted, having 
regard to the extraordinary diversity which prevails in the details 
of nuclear transformations in these Ipwer forms, many of which will 
be found described in the present volume, that amongst then^ 
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if anywhere, are to be sought the clues to the complex though 
less variable processes which characterise the higher animals and 
plants. 

The phenomena of the sexual union of germ cells, and of their 
contained nuclei, for the most part are, as yet, hardly susceptible of 
detailed explanation, but there can be no doubt but that chemiotaxis 
is the proximate factor chiefly concerned. This is beautifully shown 
in the case of Halidrys, one of the Fucaceae, in which the large 
oggs attract numbers of sperms which seek to penetrate the egg. 
Immediately after an entrance has been effected by one of them, it 
is seen that the egg changes in important respects. It shrinks, 
and the supernumerary sperms instantly cease their endeavours to 
enter its substance. On the contrary, they swim rapidly away, 
and from the surface of the egg a substance is seen to be excreted 
which probably exerts the repellent influence in question. Indeed, 
so strong is its action that those sperms which have not quitted 
the surface of the eggs are rapidly paralysed and killed. 

The remarkable paths followed by the male nucleus in the egg 
has been studied by many observers, and there can be but little 
doubt that here also a specific attraction of some sort effects the 
final union. As to the significance of the fusion, the evidence at 
present available points in no certain direction, nor can any of the 
hypotheses which have as yet been advanced to explain it be 
regarded as affording satisfactory solutions of the problem. It has 
been assumed that by its means a sort of rejuvenescence is effected. 
But this idea, which is not very clear in itself, fails to take the 
many subsidiary but still general recurring circumstances into con- 
sideration. Moreover, it is difficult to see why a similar explana- 
tion should not also cover those vegetative fusions common in 
endosperm cells and in certain fungal hjrphae, but these have never 
been regarded as constituting sexual acts. 

And indeed it would appear that the actual initiation of segment- 
ation in an egg is not necessarily dependent on the fusion or even 
the presence of two nuclei. Boveri's observations on the fertilisa- 
tion of enucleated fragments of eggs with sperms, and still more 
those of Loeb, who succeeded in causing the eggs of sea-urchins to 
segment parthenogenetically by treating them with magnesium 
chloride, indicate that the matter is of far greater complexity than 
a study of the normal occurrences would indicate. Again, Nathan- 
sohn caused parthenogenetic development of the oospheres of 
Marsilea to take place by keeping them at a sufficiently high 
temperature. 

This last observation seems to be one of greater importance, for 
it suggests that a slight modification of the metabolic processes, 
in this case effected by the abnormal temperature, may suffice to 
set the machinery of segmentation in motion ; that is, the actual 
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mechanism is already present in the egg, and only an appropriate 
stimulus (not the importation of a missing half of the machinery) 
is required to set it in motion. Long ago Boveri suggested that 
the centrosome rather than the nucleus was the important body 
the introduction of which starts the process of segmentation, and 
it may well be that his suggestion, in a modified form perhaps, 
and without postulating an organisation of the specific excitatory 
substance in so definite a form as a centrosome, may contain a con- 
siderable element of truth. 

Amongst the lower organisms, as Klebs and others have shown, 
the conditions favourable to the formation of sexual cells can be 
largely referred to nutritive sources, and this is only another way 
of saying that a definite stimulus — ultimately working on the living 
substance of the organism itself — ^is responsible for the sexual reaction. 

But such a view of the matter leaves untouched the question 
of the secondary utility of sexuality as a means of ensuring variation. 
Indeed, this latter is perhaps best kept distinct from the primary 
causes and conditions which first made sex not only a possible 
but an inevitable incident in the life cycle of the greater part of 
the higher organisms. 

Less obscure than its relations to the phenomenon of sex are 
those which exist between the nucleus and the life of the cell. 

Gruber, Nussbaum, Yerworn, and others have shown that 
in protoplasm which has been deprived of its nucleus the 
vital functions speedily become more or less deranged, and finally 
cease altogether. Enucleated fragments of a cell or organism 
fail to regenerate lost parts, and the apparent exceptions that have 
been met with constantly turned out, on further investigation, to 
be contaminated with nuclear influence. Enucleated fragments of 
an amoeba are unable to excrete the substance which normally 
enables these animals to cling to the substratum, and in other 
organisms, although food may be ingested, the protoplasm seems 
unable to digest and assimilate it. In plants Gerassimofif has 
shown that cells containing chlorophyll but destitute of a nucleus 
are usually unable to form starch, and are incapable of excreting a 
limiting membrane over their free surfaces. 

On the other hand, allusion has already been made to the 
transformations the nucleus may undergo in connection with the 
secretory activity of glandular and other cells, and in this connec- 
tion, no less than in that of regeneration, the nucleus may be 
afi&rmed to preside over the metabolism of the protoplasm. 

The peculiar processes which are extruded by the nuclei of the 
nutritive cells surrounding the ovum (Ophryotrocha), and the 
curious simulation of the initial phases of mitosis met with in 
secretory cells, can hardly be dissociated from the special functions 
discharged by their nuclei 
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AgaiD, that frequent migration of the nucleus to the seat of 
special metabolic activity, so often illustrated in plants, affords 
additional indication of an exercise of the same influence. The 
developing of a lateral outgrowth on a plant hair, one-sided 
thickening of the cell-wall, the softening of the latter previous to 
its. perforation — all these are commonly preceded by the arrival 
of the nucleus at the part of the cell about to be affected. 

And the very facts of mitosis itself, with the profound chemical 
and physical changes which accompany it, suffice of themselves to 
prove that the nucleus contains substances which are capable of 
undergoing rapid and striking changes. And indeed it is perhaps 
not improbable that it is in that very lability characteristic of the 
constitution of the complex substances which together make up a 
nucleus that the supreme importance of this body to the cytoplasm, 
and through the latter to the organism as a whole, is to be 
attributed. 



THE PEOTOZOA (continued) 

SECTION I. — ^THE FORAMINIFERA ^ 

CLASS FORAMINirERA 

Order 1. Chromiidea. 

2. AstrorhMdea. 

3. Litnolidea. 

4. MUioUdea. 

5. Textnlaridea. 

6. Ohilostomellidea. 

7. Lagenidea. 

8. Globigerinidea. 

9. Rotalidea. 
10. Nammnlitidea. 

The Foraminifera received their name before their nature was 
understood. The early anatomists, guided by the likeness of many 
of their tests to the nautiloid shells of the Cephalopod MoUusca, 
assigned them to this group, and many Foraminifera were included 
by Linnaeus and later writers in the genus Nautilus. D'Orbigny, 
in 1826, divided the "Cephalopoda," having chambered shells, into 
SiphaniftreSf with a more or less tubular siphon traversing the 
series of chambers ; and Foraminiflres^ in which the chambers are 
in communication by foramina. The simple character of the organ- 
isms which secreted these shells was first recognised (1835) by 
Dujardin, who placed them with Amoeba^ and allied fresh -water 
forms in the group Rhizopoda, 

The limits of the group Foraminifera, as here understood, are 
identical with those of the Reticularia, as defined by Carpenter in 
lus Introduction to the Study of the Foraminifera (8). It includes 
those Protozoa the protoplasm of whicJi secretes a test (or shell)^ and is 
protruded in fine thread-like pseudopodia, which branch freely and 
anastomose with one another^ and present no obvious differentiation into 
ectoplasm and endoplasm. 

The great majority of the members of the group form a well- 
defined assemblage of organisms, clearly allied to one another, and 
distinct from any other division of the Protozoa ; but we cannot 
at present draw with any certainty the limits between the simpler 
forms here included and some other simple members of the Protozoa. 

1 By J. J. lister, M.A., F.R.S., Fellow of St John's CoUege, Cambridge. 
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Each of the characters by which the group is defined loses in 
distinctness when followed into this borderland region. The shell, 
which attains great complexity in the higher forms, is membranous 
in many of the lower, and in lAeberkiAnia, Diplophrys, and Myxotheca 
(Fig. 2) can hardly be said to exist In Hyalopus the pseudopodia, 
though branching and pointed, do not anastomose with one another 
(Fig. 15), and in several of the fresh- water Gromiidae few anasto- 
moses are found. The filiform nature which distinguishes the 
pseudopodia of the Foraminifera from the blunt-ended pseudopodia 
of the Lobosa is a better defining character; but in view of the 
close parallel which, as will be explained below, the life -history 
of Trichosphaerium, a member of the Lobosa, appears to present with 
that of many Foraminifera, its importance in a natural classification 
may be doubted. 

A few of the simpler forms live in moor pools and other fresh 
waters, but the great majority are marine. Most of these are 
littoral in habitat ; many extend their range to the floors of the 
deep oceans ; while a small group, few in the number of species, 
but very abundant in individuals, lead a pelagic existence. 

The Protoplasm presents a uniform character without any obvious 
separation into an outer and inner layer of different refracting power. 
It is finely granular throughout^ and coarse granules are usually 
present in the protoplasm contained within the test. 

The pseudopodia in some of the lower forms are long and root- 
like, and extend to great distances, giving off branches in their course, 
and to such forms Dujardin's name Rhizopoda is especially appro- 
priate ; but most members of the group are characterised by pseudo- 
podia of a different nature (Fig. 1). They are for the most part 
very slender, and spread from the neighbourhood of the aperture 
or apertures of the shell in fan-like or sheaf-like groups. The outer 
surface of the shell is invested by a layer of protoplasm, and from 
this also groups of pseudopodia originate. 

The pseudopodia frequently branch and anastomose in their 
course, and between the points of union of the reticulum which 
they form, they generally run straight, owing in part to the tension 
which they mutually exert on one another. Some of the radiating 
strands form broad bands, branching peripherally, but the majority 
are exceedingly slender, and the ultimate branches are of extreme 
tenuity. At the points of union broad expansions of protoplasm 
are often formed. The network of pseudopodia is in part projected 
free in the water, in part applied to surrounding objects, and 
serves at once for the prehension of food, as a peripheral sensory 
apparatus, and as a means of attachment and of locomotion. 

When a strand of the reticulum is attentively examined, the 
granules contained in the protoplasm are seen to hurry along its 
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surface, as though borne by a stream, and two streams of granules 
flowing in opposite directions, centrifugal and centripetal, are to be 
seen on opposite sides of the same filament. Sometimes a mass of 
protoplasm forms a swelling on the surface, and is carried along for 
some distance before it thins out and merges in the substance of the 
filament. 

The tip of a pseudopodium may be seen to be alternately ex- 
tended and retracted according as the centrifugal or centripetal 
stream gains the ascendency. A mass more solid than the rest of 
the protoplasm may be seen to be carried to the tip, turn and pass 
back for some distance with the return current, then to be caught 
in the centrifugal stream, and again carried to the tip. One is 
reminded of a cork at the summit of a jet of water, under the 
contending forces of the upward How of the jet and of gravity. 
But the cause of the streaming movement in the pseudopodia of 
the Foraminifera, like the ultimate cause of movement in all 
contractile tissues, is still beyond the limits of our knowledge. 

The minute structure of the protoplasm has been carefully ex- 
amined by Biitschli, who finds in the coarser pseudopodia, and in 
the membranous expansions between them, the alveolar structure 
which is present in so many protoplasmic structures. In the fine 
pseudopodia, however, this is absent, and they appear under the 
highest powers as homogeneous threads of extreme tenuity, with the 
small granules scattered along their surface. From the peculiar way 
in which, in the living pseudopodium, the granules course along the 
threads, sometimes leaving them for a moment to pass apparently 
through the open water, Biitschli is inclined to the view, suggested by 
Max Schultze, that an invisible hyaline layer may invest the visible 
threads of the Foraminifera in the same manner as the more visible 
hyaline ectosarc invests the axial endosarc of the pseudopodia of the 
Heliozoa. 

In addition to this intrinsic streaming movement there is a 
movement of the reticulum as a whole. New pseudopodia shoot 
out from the central mass, others are shortened and retracted, and 
the whole system is in a condition of tension and constant move- 
ment, as becomes evident at once when an attempt is made to draw 
any part by camera lucida. When a strand of the reticulum gives 
way a momentary collapse of the neighbouring strands is seen, 
followed by the rapid lengthening of some strands and shortening 
of others, resulting in renewal of the tension. 

The/(90<i of Foraminifera consists largely of diatoms and algae, 
either alive or in a state of decay. In some cases, however, it is of 
animal nature, for Rhiimbler finds that the Globigennae capture and 
digest the Copepods which abound at the sea surface, and that the 
pelagic Pttlvinulinae contain the skeletons of Hadiolaria as well as 
of diatoms, which have been taken as food (38, pp. 1 and 2). 
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Scbaudinn aUo has witnesaed the capture and digestion of a 
Copepod by MyTa^heca (41, p. 25), and finda that Patellina and 
Pucorbina feed on Copepod nauplii and Infusoria as well as on 
Diatoms (45, p. 182). The paeudopodia of Gromia and Potj/- 
^melia hare been seen to exercise a paralysing effect on Infusoria 
which come in contact with them (M. Schultze). 

The peeudopodia are exceedingly viscid. When an object which 
serves as food is entangled it becomes surrounded by protoplasm, 
and if it is large the strands of the reticulum between it and the 
shell become thicker and more numerous, and the object is drawn 
inwards. Whether digestion may occur in the extended protoplasm 
or only after the food enters the shell is uncertain. 




MmtXtta arnHUjc, BchiBdUm. Jf.DDclMu: (, tha iRlitLnaiu t«t wHli f mbrddtd uud gnltu. 
(AtUrScluudlnD, tl.) 

Conii-aclUt vacttdtt occur in some of the fresh-water forms 
{Eugly^ta, Trinema, Cyphaderia, Microgromia, and Platoum), but they 
have not been seen in any of the marine genera. 

The granular bodies which are scattered through the protoplasm 
are of different kinds. Some are coloured, and confer a red, 
yellow, or brown colour on the protoplasm when seen in bulk. 
These are allied in composition to the colouring matter of diatoms 
(diatomin), and are prolmbly derived directly from the food. Some 
are fatty; others, apparently proteid in nature, are stained by 
[HcrDcannine, and are probably formed in the ascending metabolism 
of tfie food. In Orbitoliies complanata starch grains are abundant, 
but their formation is probably dependent on the presence of the 
parasitic algae (zooxanthellae) which abound in the protoplasm in 
tkis speciea. These algae also live in the pelagic Globigeriniu. 
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The nudear characters and modes of reproduction of the Foramini- 
fera are considered below. 

Tkt Structure of the Test. — ^The test is found in its most rudiment- 
ary condition in Myxotheca^ where it consists of a gelatinous layer, 
which may form the whole covering or may contain grains of sand. 
The shape follows the changing contour of the protoplasm, the 
pseudopodia break through at any point, and no definite and 
permanent orifice is formed. In Hyalopus (Fig. 15) the test is 
more resistant, and may have an oval form and a definite orifice ; 
but here again the shape varies with that of the contained proto- 
plasm, becoming arborescent when growing among the crowded 
stems of algae, and the number of orifices may be indefinitely in- 
creased (Schaudinn, 43). In most of the Gromiidea the test is 
chitinous and flexible ; but it has a definite shape, and one or two 
permanent orifices. 

Another type of test is found in some Gromiidea, and in all the 
Astrorhizidea and Lituolidea. The tests are here formed of foreign 
particles, such as fragments of sand, sponge-spicules, the shells of 
other Foraminifera, etc., fastened together by a cement, which may 
be firm or flexible, and consist of chitin or calcium carbonate or 
ferric oxide. In the Astrorhizidao the walls are thick and soft, con- 
sisting of mud, or of only slightly cemented sand (Fig. 17, a), while 
in other cases, as in Saccammina (Fig. 17, 6), the particles are 
united into a rigid structure. 

In some species of Textularia, QuinqueloeuUruLf and other genera, 
though the tests are chiefly calcareous, a large proportion of foreign 
arenaceous material is contained in them. 

A very remarkable feature of the tests of arenaceous Foramini- 
fera is the evidence they appear to offer of a sdedive power exercised 
by certain species, in collecting materials. In sotne cases, no 
doubt, the nature of the test depends on the constituents of 
the sea bottom in which the animal lives, but in others certain 
elements alone are selected. Thus in the same dredgings may be 
found the tests of Pilulina and Saccammina, the former composed 
of a close felt of siliceous sponge-spicules, laid together to form a 
wall of uniform thickness ; the latter of coarse grains of sand united 
by cement (Fig. 17, & and c). In both the test consists of a single 
spherical chamber, and the size attained is about the same in both. 
The cylindrical tests of Baihysiphon JUiformis, Sars, are composed of 
a felt of sponge-spicules, covered externally by a layer of fine sand. 
The same sample of Pteropod ooze supplies representatives of 
species of the family Litublidae, characterised by the coarseness of 
the sand grains of which the tests are composed ; and of Trochammi- 
nina distinguished by fine-grained tests. 

The type of test foand in Euglypha (Fig. 3) and its allies is very 
exceptioniL It is formed of rounded or hexagonal plates, of siliceous 
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In these the tests are rigid structures, and communicate with 
the exterior either by one or more large apertures exclusively, as in 
the majority of the Miliolidea, or by a multitude of small pores in 
their walls in addition to the large apertures.^ In some genera 
of the Miliolidea the shells have a polished white appearance re- 
sembling porcelain when seen by reflected light, and a yellowish 
brown horn colour when seen by transmitted light; in the per- 
forate forms the tests are more transparent, and are in many cases 
as clear as glass. On this account the forms with perforate cal- 
careous tests are often known as the vitreous or hyaline Foraniinifera. 

In the perforate forms the pores passing out from the chambers 
have, on the whole, a direction perpendicular to the walls, and 
transmit pseud opodia. In some cases the pores are large and com- 
paratively few, in others they are fine and very numerous. 

T/ie Growth of Vie 2'esL — In forms such as MyTotlieca and Gramia 
the growth of the protoplasmic body is accommodated by the simple 
expansion of the soft and membranous test. Among the arenaceous 
forms, the feebly cemented, star-shaped tests of Astrorhiza (Fig. 1 7, 
a) increase in size in part by the extension of the test along the 
protoplasmic trunks forming the rays of the star, but in part, 
doubtless, by the expansion of the central body. In the case of 
Saccammina (Fig. 1 7, b), however, and other forms with rigid single- 

'2722. The specific gravity of calcite is 2*72, and that of aragonite 2*97. He con- 
cluded that the calcareous constituent of the perforate tests is calcite, and that of the 
imperforate tests either aragonite or calcite together with some other and heavier 
substance. Cornish and Kendall (12) had previously indicated the conclusion, though 
without positively stating it, that the porcellanous Foraminifera were composed of 
aragonite — on the grounds of their opacity, and their appearance in or absence from 
beds coincidently with LamelUbranch and other fossils which are composed of ara- 
gonite. Chapman (11, p. 39) also has recently stated that the tests of the Miliolidea 
are of aragonite, or rather (following Miss Kelly, Mineralogical Mag. vol. xii. (1900), 
p. 863) conch ite. 

I am inclined to doubt this conclusion. It appears that the presence of the mag- 
nesium carbonate (specific gravity 3*056), which Brady's analysis shows is a larger 
constituent of the imperforate tests than of the perforate, may cause the higher 
specific gravity found in the former by Sollas. Moreover, Meigen (22) has recently 
described a chemical colour test by which calcite may be distinguished from ara- 
gonite, or from the constituent which Miss Kelly has named conch ite. Tried by 
this test, I find that MUiolina and OrbictUina and OrbitolUes do not give the colour 
reaction characteristic of aragonite, but agree with structures composed of calcite. 
I am indebted to Mr. A. Hutchinson for calling my attention to Meigen's paper. 

^ In the systems of classification prepared by Reuss (1861) and by Carpenter 
and his colleagues (1862) the Foraniinifera were divided into the two groups, 
the Imperforata and the Perforata. In the latter classification the group Imperfor- 
ata includes the (iroitiidcL, Litw)lida^ and Miliolida; the Perforata the Lagenida^ 
OlobigerinidOj and Xummulitida {i.e, families 5-10 of Brady's classification, which is 
followed in this article). The progress of deep-f^ea investigation since this date has 
revealed the existence of the Astrorhizidea, some of which have perforate and others 
imperforate tests. Moreover, even in the Miliolidea the first formed chambers may 
be perforate in the genus Peneroplis (Rhumbler), and in Orbiculina and Orbitolitesy 
aa shown in this article. It thus becomes evident that the presence or absence of 
perforations in the shell, though perfectly characteristic of many of the orders, cannot 
be taken as the basis for the subdivision of the whole group. 
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chambered tests, the way in which the growth of the protoplasm is 
accommodated is less obvious. 

It is probable, however, that here also, the shell, though at any 
particular moment rigid, is slowly moulded and expanded under the 
influence of the protoplasm. The small tests hitherto classified as 
Psammosphaera fuscoj but regarded by Rhumbler (33) as the young 
of Saccammina sphaerka, with which he finds them to be connected 
by all intermediate forms, are built up of fragments of sand placed 
together irregularly, so that the contour of the young test is rough 
and uneven. In the full-grown Saccammina test the fragments are 
placed, as in a well-constructed stone wall, to form an even contour. 
If, as these facts imply, a change in position of the constituents 
has occurred during growth, there is no difficulty in accepting the 
conclusion at which Ehumbler arrives, that it has also undergone 
expansion as a whole. The alternate hypothesis, that in the course 
of growth to its full size (3*5 mm.) the protoplasm periodically 
discards its old shell and builds a new one, appears improbable, and 
the student of the growth of bone will find no a piuni difficulty in 
admitting that a rigid structure may be the seat of profound inter- 
stitial changes of substance. 

The growth of the tests of the cylindrical forms of the Astro- 
rhizidea is effected by extension in a linear direction, fresh arenaceous 
material being incorporated at their ends. They form simple or 
branched (many Hyperamminae^ Rhizammina)^ but usually un- 
segmented tubes. In Hyperammina subnodosa (Fig. 1 7, d) the tubes 
are constricted at irregular intervals, and thus present a transitional 
condition of structure to the definitely segmented, chambered shells 
of the great majority of Foraminifera. In the latter, while the 
growth of the protoplasm as the result of the assimilation of food is 
continuous, the growth of the shell is not continuous but periodic. 
When a new chamber is to be formed, a mass of protoplasm is 
protruded from the mouth of the shell, and at the surface of this 
the new wall ii formed, by secretion in the case of calcareous 
shells, by cementing together of foreign elements in the arenaceous 
forms. In some genera the secretion of shell substance takes place 
only on the free surface of the protoplasm, but in others it occurs also 
where the protoplasm rests against the previously formed test. In 
such cases the septa dividing the chambers are double, and the new 
chamber is complete on all sides with the exception of the aperture 
or apertures left for communication with the exterior, or with its 
successor, when a new chamber shall be added. In either case the 
result of this periodic shell formation is the building up of a 
segmented test, the segments of which, the chambers, are sharply 
marked off from one another. 

Max Schaltze found that in the formation of a new chamber by 
PolyttomtUa, the deposit of calcareous salts began before the chamber had 
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assumed its final form. The imall pocket-like ^ retral processes," which 
are characteristic of this genus (see Fig. 7), were not formed until some 
time after a continuous wall had been secreted, so that a partial absorption 
and re-deposition of the lime salts must here occur (64, p. 30). 

Structure and Mode of Growth of the Shell Wall, — After their first 
formation by secretion at the surface of a mass of protoplasm, the 
walls increase in thickness by the addition of shell material to the 
outer surface. The anterior wall of each chamber is soon covered 
by the addition of a new chamber in front of it, and it then forms 
the whole, or half (as the septa in the species concerned may be 
single or double), of the septum dividing the chambers from one 
another. On the septa of the perforate forms the pores may be 
limited to the peripheral parts or absent altogether. 

The thickness attained by the septa is not great, but the part of 
the wall turned to the outer world continues to grow, and may 
attain considerable thickness. 

The thickening results from the addition of successive layers of 
material on the outer surface, and thus a laminated structure is 
produced ; but though laminated tangentially, the shell is built up, 
where it is perforated, of hexagonal prisms disposed radially to the 
surface, and each traversed by a pore transmitting a pseudopodium. 

It appears that this result may be explained as follows. The shell 
material is deposited by the protoplasm traversing each of the pores whidi 
perforate the wall, on the area about its orifice. It would appear that at 
the limits between the areas influenced by neighbouring pseudopodia there 
is some slight difference in the character of the material secreted, and the 
result is that the deposit is not quite uniform, but marked out into small 
hexagonal areas, with a pore at the centre of each. If this is the case, 
the prismatic structure results from the observance of the same limits in 
successive layers throughout the thickness of the shell. 

In the more complicated perforate Foraminifera a system of 
sinuses or canals is present, the main channels of which run in the 
substance of the shell, and are distinct from the cavities of the 
chambers, though communicating freely with them by branches. 
This is known as the canal system. It is, of course, wholly distinct 
from the radial pores leading direct from the chambers to the 
exterior. The details of its distribution in PolystomeUa are given 
below (cp. Fig. 9). It will be seen that in this form two main 
*' spiral canals'' run on either side of the test, parallel with the 
series of chambers, and give off branches, some of which run in 
the thickness of the septa between the chambers, while others pass 
direct to the exterior in the axial regions of the test. About the 
ultimate branches of the canal system a deposit of shell substance 
is laid down, which may be called the cancUicular skeleton. In the 
test of Polystomella this skeleton is mainly limited to the axial regions. 
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but in other genera it forms extensive depoaite in the interior of 
the septa, and on the surface of the tesf. It attains a great 
deTelopment in (.'oZoinna.' 

Where the canalicular skeleton comes in contact with that of 
the chamber walls, the two mer^ insensiblf into one another ; the 
(mly distinction between them is that one is penetrated by the 
branches of the canal system, the other by radiating pores leading 
direct from the chambers of the test. 

Some confiuioii has arisen ia the um of the temii intermediate or 
■npplemental skeleton, and proper chamber wall In the /ntroducfum (o 
An Study of the ForanUniftra {p. CO) Carpenter laya that tbe " intermediate 
or supplemental Bkeleton " is " formed by tecondary or exogenous deposit " ; 
and further, that wherever developed to any conudeiable extent, " it is 
ttmversed by the canal syetem." The statement that the supplemental 
skeleton is formed by a secondary or exogenous deposit appears unfortunate^ 
for the walls of the chambers of all the perforate calcareous forms are at 
fliat exceedingly thin, and they increase in thicknen by the deposition of 
shell substance on their outer surface, so that the greater port of tlie 
shell in all may be said to be secondary and exogenoas. The part of the 
shell fint formed it in most, if not all, cases quite indistinguishable from 
that which is added later. 

The se<wnd character of the supplemental skeleton given by Carpenter, 
that it is traversed by the canal Bystein, doe^ however, touch on a real 
distinction. 

Biitschli (6, pp. 86-S7) calls atUntion to the fact that a difference 
between a primary shell layer {Carpenter's " proper wall " ) and a 
NWR4iary nuui is often indistinguish- 
able ; but be propoees to use the 
latter term for the outer layer of 
the shell, whether nnperforated, 
perforated by radial pores, or by 
branches of the canal system. 

It appears to be mote advan- 
tageous to distinguish the skeleton 
developed in relation with the canal 
system from that of the chamber 
wall, and as confuHon is attached 
to the name supplemental skeleton, 
the term canalinDlar skeleton is 
nsed in this article for the former. 

Repair, — The power of re- 
pairing injuries is very great, 
and indeed a fragment may, 
in some caaes, give rise to a 
new individual. This ia well 
seen in the specimen of Orbilolitet tenvistiwa abow 
> C^ Oaipnilw, 8, p. SIS. 




Bpeclincn at Orbitolita (tiiii<u(iiui In wh[iA 
tngmgnt of * tot hu gfTen liH ts ■ n«w 
l»e. {From C»ri*nt«r, 0, 1'tala I. Fig. T.) 



, Fig. 4, 
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in which it is interesting to note that the centre of symmetry of 
the growth which occurred after the injury is entirely different 
from the original one. 

Verworn (67, p. 455) finds that when a specimen of Polystamella 
erispa (his observations were doubtless made on megalospheric 
forms, see below) is broken into fragments, several of the larger 
pieces remain alive and extend pseudopodia, but new shell is 
secreted o/er the broken surfaces by only one, and this is found on 
examination to be the fragment in which the nucleus is contained. 

ITie Fomi of tlie Ted, — The principal forms of test met with 
among the Foraminifera will be considered later. We shall see 
that in ..ome genera a particular mode of growth, in relation to 
some simnle symmetrical plan, whether rectilinear, piano -spiral, 
helicoid, o annular, is observed with perfect regularity, while in 
others tr symmetrical plan is only loosely followed. Many species 
are adherent to other objects, and in them the chambers may be 
"heaped" together irregularly, forming what are known as the 
'' acervuline " tests.^ Some of the adherent forms take on an 
arborescent shape. 

Multiform Tests, — A remarkable phenomenon is presented by 
many genera, and that is that the plan on which the chambers are 
arranged in the growth of the test changes in the course of growth. 
In such tests the chambers which succeed the central one are 
arranged on a particular plan, whether piano-spiral, helicoid, or 
some other, and after growth has progressed on this plan for some 
time a change occurs, and a new plan of growth is with greater 
or less abruptness adopted (Figs. 24, 39, 40, 44, etc.). In some 
cases the plan of growth may be changed more than once before 
the test is completed. Thus two or more types of arrangement of 
the chambers are, in these genera, presented by the same test at 
different stages of its growth. The genus Spiroplecia is an example 
in which the chambers are at first uniserial and arranged in a 
piano-spiral, and later biserial and in a rectilinear series (Fig. 44, 
A and B). To tests exhibiting such different modes of growth the 
terms dimorphic, trimorphic, and polymorphic (according to the 
number of forms of growth present) were originally applied, and 
the phenomenon of their occurrence was spoken of as dimorphism, 
trimorphism, or polymorphism. But it has since been discovered 
that two kinds of individuals occur in the life-cycle of many For- 
aminifera, and for this, which is, of course, an entirely distinct 
phenomenon, the term dimorphism has, in accordance with 
customary biological usage, been adopted. It has thus become 
necessary to find other terms to characterise tests displaying 
two or more modes of growth, and the adjectives hiformed 
and triformed may, as proposed by Rhumbler (36, p. 63), be con- 

^ AcerwUt a heap. 
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veniently used for this purpose. In what follows I have used the 
term multiform to cover any departure from the uniform condition 
of growth. 

It is shown below that while in some genera both forms of 
individual which are found in one species are alike bi- or tri-formed, 




in others the phenomenon is exhibited by only one form {the 
microapheric), or exhibited by it to a greater degiee. 

The Phawnttnon of Dimorphism. 

This phenomenon wad first recognised in the fossil iiummu- 
lites which abound in the marine deposits of the Eocene period, 
and are represented by a single species living at the present day. 
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They are often so abundant that, as in the rock of which some of 
the Egyptian pyramids are built, their coin-like shells, whole or in 
fragments, constitute the main part of the deposit (Fig. 5). The 
shells are, in reality, not flat but biconvex discs, and the chambers, 
arranged in a spiral, are so disposed that the greater part of the 
cavity of each lies in the median plane, while the shell on either 
side of this plane is comparatively solid. They thus readily 
break, as the result of weathering or by artificial means, into 
plano-convex halves, which display a section of all the chambers 
from the centre to the periphery on their broken faces. 

It has long been recognised that while the great majority of 
the specimens of nummulites occurring in a deposit attain a 
certain, moderate size, a few are found scattered through it, whose 
diameter far exceeds that of the others. On examining median 
sections of the smaller specimens it is usually found that the 
spiral series of chambers starts from a large and nearly spherical 
chamber readily visible to the naked eye, and occupying the 
centre of the shell, while in the larger specimens the spiral series 
is continued to the centre, where, in carefully prepared sections, 
it may be seen to take its origin in a spherical chamber of micro- 
scopic size (Fig. 6). 

Although the two forms were thus found to be associated in 
the same beds, and to agree with one another closely except in 
the size to which they grow and the characters of the central 
chambers, they were given separate specific names, and attention 
was called to the puzzling occurrence of these associated pairs of 
species, a large and a small one, in various deposits. 

Thus the names Nummulites laevigata, Lam., and N: lamarcki, 
d'Arch., have been given to two associated forms occurring in beds 
of the Middle Eocene formation. The former attains a diameter 
of 20 mm., while the latter does not exceed 3 or 4 mm. Small 
examples of N. laevigata are not to be distinguished by external 
characters from the associated form, but on splitting them open, 
the difference in their central chambers is at once apparent 
(Fig. 6). Sixteen pairs of similarly associated " species " belong- 
ing to the genera Nummulites and Assilina have been enumerated. 

The possibility that the two associated forms might belong to 
the same species was, however, entertained by several observers, 
and the acceptance of this view was accelerated by Munier- 
Chalmas (26), who (in 1880) definitely formulated the conclusion 
that the species of nummulites are dimorphic, each appearing 
under two forms, a large one and a small one. He also expressed 
the opinion that the phenomenon of dimorphism would be found 
to be of general occurrence among the Foraminifera. 

As already stated, the large forms with a small central chamber 
are much less abundant than the others, and it so happened that 
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young individuals of this form did not come under Munia^ 
Ch&lmu'i observation. He waa thus at first inclined to the view 
that the individuals of the two sets, although in some way dis- 
tinct in nature, began life under one form, namely, that with a 
large central chamber. At a certain stage, it was supposed, the 
growth of one set of individuals was arrested, wbile in the 
members of the other set the walls of the large central chambers 
were absorbed, and growth waa continued not only by the additiwi 
of chambers at the periphery in continuation of the series of thow 
already formed, but also in a centripetal spiral towards the cenbre 




JfumalllM lontaHo, li 
("S. loMnH." d'A.^; B, a 

of the shell, filling the space ori^nally occupied by the large 
central chamber. 

This idea of the relationship of the two forms was controverted 
by de la Harpe, who pointed out, expressing his own views and 
those of de Hantken, that young examples of the form with a 
small central chamber are known to occur, and also that differ- 
ences may be detected not only at the central parts of the shells 
of the two forms of nummulites, but throughout the series of 
chambers. Thus it is often found to be the case that in the forms 
with a large central chamber (A, Fig. 6) the maximum size of the 
chambers subsequently added is attained early in the series of 
whorls, while in the others (6) the size of the chambers gradually 
increases to the last whorl.- 

While the view that one form results from the modification of 
the other was thus shown to be untenable, it was suggested that 
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they might with more reason be regarded aa representing the two 
■exes of a species. The authors did not, however, abandon the 
old idea of the specific distinctness of the two forma. 

Investigation of other genera of Foraminifera has shown that 
the phenomenon of dimorphism is, aa Munier-Chalmas expected, 
widely found among them. 

The relation between the two forms will be best elucidated by 
examining the structure and life-history of a single species. For 
this purpose we will select P<^ystomeUa critpa (L.), the life-history 
of which ia most completely known. 

The Structure of Polystohella cbisfa. — Thia is one of 
the most abundant of the littoral Foraminifera. It lives in shore 
pools and down to a depth of 365 fathoms, and ranges from Green- 
land in the north and Kerguelen Island in the south to the equator. 
It is very common on our own shores. 

The test is biconvex and symmetrical about the median plane. 
The chambers are arranged in a spiral series, and are oquitant, i.e. 
they bestride the chambers of the preceding convolution and over- 
lap them at the sides, each being prolonged in what are known aa 
alar prohngaiions, which extend towards the spiral axis of the 
test. Partly as the result of thia overlapping, and partly because 
the axial region is filled in with canalicular shell aubatance, only 
the laat convolution of chambers ia viaible externally. 

On the terminal face of the last chamber, where this face 
join a the wall of the 
preceding convolution, a 
V-shapod line of pores 
(Fig. 7, a) ia visible. 
These represent the aper- 
ture of the test, and are 
the main channels of 
communication between 
the terminal chamber 
and the exterior. At the 
posterior margin {i.e. the 
margin remote from the 
terminal ^^) ^^ *^^^ 
chamber a number of 
pocket-like prominences, 
the rdrai processes (Figs. 
7 and 8, r), project back- 
wards, and are marked by 
ridges on the external 
surface. They end blindly, but are separated by pits, at the 
bottoms of which are the openings of branches of the canal 
■yetem, which will be described later. The outer surface of 
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the Bhell is dotted over with minute tubercles (not visible in 
Fig. 7). 

A keel-like thickening runs round the margin of the test, and 
in some specimens small spines, like the points of a spur, project 
from it at the places where the septa join the keel. These 
are more frequently present in the earlier than in the later 
convolutions. 

The pores traversing the walls of the chambers are in this 
species exceedingly minute. They are hardly visible when the 
test is seen from without, but they may be detected when a broken 
piece of the wall is highly magnified and seen by transmitted light. 

On examining the external characters of the tests of a number 
of Polystomellai, they are found to form a uniform series, presenting 
such gradations of size from small to large as may be seen, for 
example, in a sample of the shells of any Mollusc which contains 
young and old. If, however, a batch of living Polystomellas is 
killed by some reagent which dissolves the shell but preserves the 
protoplasm filling its chambers, the protoplasmic casts of the 
shells no longer form a uniform series but fall into two sets (Fig. 8). 

In the great majority of them the series of chambers, when 
traced to the centre of the spiral, is seen to take its origin in a 
large spherical chamber, having a diameter generally between 60 
and 100 fu In the others a small central chamber, with a dia- 
meter of about 10 fi,^ occupies the centre of the test, and the suc- 
ceeding chambers of the series are at first correspondingly small, 
so that for a given diameter of test these specimens have a greater 
number of chambers than the others. 

It is clear that though in Polystamella there is no marked differ- 
ence in the size attained by the two forms, we have here the same 
phenomenon of dimorphism which is exhibited in the nummulites. 

The large central chamber is known as the megalosphere^ the 
small one as the microsphere^ and the two sets of individuals of the 
species are known as the megalospheric and microspheric respectively. 
The numerical proportion of the two kinds of individuals probably 
varies with the season, but the megalospheric form is here also 
always the more abundant. In a large batch of several hundred 
specimens the megalospheric forms were found to be thirty-four 
times as numerous as the microspheric. 

In the protoplasmic casts obtained in this manner the form 

^ The diameter of the microsphero varies iu tlie specimens of P. crispa which I 
have seen from 6*5 to 13 ^ That of the megalosphere from 165 to 35 ^ These 
dimensions fall, however, a little short of the actual diameters of the chambers, owing 
to the shrinkage of the protoplasm produced by the reagents. When comparing the 
sixe of the microsphere in specimens preserved in this manner and in those examined 
by sections of the test, it is well to bear this cause of difference in mind. 

The number given as the diameter of a central chamber, in this article, is to be 
understood as the mean between the long and short diameters as presented for 
obttnratioii in the specimen. 
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and dispoaition of the chambera are well diepUyed. In the 




7W«rtDp«Hn rrU(Ki. A, th« f Emlmil rrlc B tl « cnnpheit torn • 1«» cited, ft, the 
flgnrHfbrUieiiilieorclfamMi. r ntnlproeauei it to unldlona briwnnitle ctainitMn. 

megttlospherie form the retral processes characteiistic of the genua 
are present in the chamber following the raegaloaphere (tiga. 6, A, 
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ftnd 1 1, c). Id the first convolution of chimben the aUr prolonga- 
tion! are hardly formed, but as the series is followed on, they 
project more and more at the sides, overlapping the chambers of 
the preceding convolutions ; and as they increage the number 
of apertures between successive chambers, single in the earlier 
chambers, also increases (Fig. 
8, A, Fig. 9, >f), so that in 
the terminal chamber there 
is, as we have seen, a V- 
shaped row of pores leading 
to the exterior. 

Id the mienu^tAene form 
the arrangement is similar in 
the later chambers, but in this 
form the retral- processes are 
abient from the chambers of 
the earlier convolutions (Fig. 



J, 6). 

The main trunks of the ^r" 
(ka\a\ Si/stem lie in the um- 
bilical region.' 

They consist of a spiral 
canal, on either aide of the 
teat, running parallel with 
and just internal to the 
lateral margins of the cham- 
bers — whether these ar^^tfro- 
doced into alar prominences 
or not {^.e, Figs. 9 and 
U, e). ^posite the inter- 
vals between the chambers 
mtridioKoi eanaii (m.e) are ^ . ^.'"".Jl. , 

, _ , . 1 - DUcmn of ■ section thimiKii k bmb^w^v""*^ 

gtven o^ and run in the Buin|Jeor/\-ifK«KUiicrtj|>a. itnnp»nit«iu 

UuokneM of the septa, at S^lr ihunbefh in orf« to .(.ow th« dl.po.lllm 

some little distance from ^Sd'io5rwti™*?^,!It>S'pSSJS'^,'.ptS 

thnr outer marKinS, to meet umli : u, protoplum InvenlnE the ipartiin* be- 
., ■- °,, J- tween thectumben, Th» doltud portion fnilleetei 

one anotner in tne median uiepiDtopiumfliiing the ciiiRiban,buttheau»i 
pUaa. From these numbers ^'^ JliiS''™rn«^direct'(rom the cbimbwi'to 

of short canals pass outwards, »'" •»*•>!<«■ «" omitted, and ths ehell iubetuct ll 

and, in the case of the outer 

convolution of chambers, open to the exterior, into the pits 

) neeaularitcmiimdby Carp'otertob«iiDpBrr«tl]'daTela|iediiii>aI|u<aiHiU> 
tri^a (8, p. 2S3), and Udbitu (26, p. 103] placM P. ertUioidaia, Ftolita Mid Moll. Ib 
• MwgtDiu Ediaaa, ou tbe groundthst it potiemi a branched cuul ifitam, abaaut 
In Polyitopulia. lu decalcified tpecimaui of P. eritpa, however, wboM protoplHm 
hi* bean eolonrad dark by oaroic acid, it !■ M17 U oouvlnee oiie«lf of " 
of tha arrtem. 
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between the retral processes, before mentioned as visible on the 
surface of the test (Fig. 7). The short canals springing from the 
meridional canals of the inner convolutions open into the chambers 
of the convolution next external. The canal system is thus in 
communication with the chambers. In addition to the meridional 
canals, other branches spring from the spiral canals and pass to 
the surface in the umbilical region, traversing the thick mass 
of canalicular skeleton there deposited. 

The course of the spiral canals is in some cases irregular, and 
they often break up into a network of sinuses. In the small 
specimen shown in Fig. 11, c, the spiral canal of one side is seen 
close to its origin, and a meridional canal is shown, between the 
second and third chambers ; but I have been unable to trace the 
points of origin of the spiral canals. 

On treating a batch of decalcified specimens with a stain such 
as picrocarmine, the nvidei appear, and again the two sets of 
individuals come into marked contrast. The megalospheric form 
possesses a single large nucleus, while the microspheric form 
possesses a number of small nuclei, distributed through its 
chambers (Fig. 8). 

In Polystomdla crtspa, then, the megalospheric individuals 
are numerous, they have a large central chamber and a single 
large nucleus; while the microspheric individuals are com- 
paratively scarce, they have a small central chamber, and many 
nuclei. 

The existence of the phenomenon of dimorphism being verified, 
the question arises : How are the two forms related t 

For an answer to this question we turn to the life-history, and 
what is known on this head will now be given. 

Life-history of Polystomella crispa — The Microspheric 
Form. — The youngest specimens of this form that have been met 
with already contained many nuclei. Thus in one, described by 
Schaudinn (44, p. 92), with nine chambers, twenty-eight nuclei 
were present. 

The nuclei are at first homogeneous bodies, but as the animals 
grow nucleoli make their appearances. The nuclei are irregularly 
scattered through the protoplasm, though they are not found in 
the terminal chambers. They are often grouped in pairs, and 
there is good evidence that they multiply by simple division (20, 
p. 419). The nuclei in the larger chambers are larger than those 
in the small chambers near the centre, and thej^ may attain a 
diameter of 40-50 fu 

In addition to these rounded nuclei, there are generally present 
in the protoplasm of the microspheric form abundant irregular 
strands of darkly staining substance, which are apparently given 
off by the nuclei. In some cases no definite nuclei are visibh 
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all the itaiDed substance present being in the form of such 
irregular strands. 

JisproitictMm of the Mieretphme Form. — The first indication of 
the approach of the reproductive phase as seen in the liviiig animal 




^''mm' 




is a great increase in the number of the paeudopodia. They 
are so abundant that when the specimen is attached to the side 
of a glass vessel and seen by transmitted light, they form a 
conspicuous milk-white halo about the brown shell (Fig. 10, a). 
The halo is at first composed of clear hyaline protoplasm, but in a 
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abort time the coarse brown granulea, hitherto contained within 
the test, begin to pass out, and ultimately the whole of the proto- 
plasm, emerging from the teat, ia masaed within the area covered 
by the halo and lies between the test and the aupporting suriace 
(Fig. 10, i). Here, after involved streaming movements, the proto- 
plasm gradually and simultaneously separatea into spherical maasee 
of uniform siso. The centre of each is occupied by a nucleus, with 
an area of clear protoplasm immediately surrounding it. A close 
network of delicate pseudopodia surrounds the spheres and forma 
a communication between them (Fig 10, e). In a short time each 







sphere secretes a calcareous shell, a single small aperture being left 
by which the pseudopodia pass out. After lying in close contact 
for some hours, the spheres rapidly and simultaneously draw apart 
from one another, and within half an hour from the beginning of 
the movement they are dispersed over a wide area, and each 
becomes the centre of a system of pseudopodia of its own, though 
for some time they are not completely isolated (Fig. 10, d). 

The whole protoplasm of the parent is used up in the formation 
of the brood of young, the shell being left empty. The process, 
from the first appearance of the halo to the dispersal of the young-, 
!■ eomplete in about twelve hours. 
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In A short time the protoplasm which lies outside the aperture 
of each of the spheres secretes the wall of a second chamber of 
characteristic form, and the young individual is then clearly 
recognisahle in size and shape as the two-chambered young of the 
megaloepheric form (Fig. 11, V) 

The nature of the parent which gives rise to this brood of 
megalospheric young is determined by decalcifying specimens 
which are entering on the reproductive phase, before the proto- 
plasm has left the central chambers In upwards of fifty cases 




thus examined the centre was found to be occupied by a micro- 
sphere. We have then, in this process, a transition from the 
microspheric to the megalospheric form. 

Schandinn (44, p. 94), has found gnat variation in the size of 
the mq^ospberee produced by one parent, namely, from 10 to ISO /t. 
He therefore ho1d« that the two forms of Pol^^bsmtliix, though differing 
in their nocleai eharacten, are not always distinguishable by the siie of 
the central chambers He also finds (p. 93) that in some caan the shell 
of the young megslospheric fonn ia not secret«d until the spherical msssei 
of protoplasm have wandered sbout for a long time. 

The details of tbe reproductive proceee given above are those which I 
have invariably observed in specimens which were kept in clean sea-water. 
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In my first obeervations the water circulating in the tanks of the 
laboratory was used ; and though I repeatedly saw the protoplasm 
emerge £rom the parent shell and break up into spheres, the development 
did not pursue a normal course. Again and again the spheres, after 
remaining separate for some hours, fused with one another, and finally 
the masB broke up into irregular globular bodies of very unequal siie, 
which remained alive for days, but did not, in most cases, secrete a shelL 
It was not until fresh sea-water was used in the jais that I had the 
pleasure of witnessing the normal process of development 

In view of this experience, and of the fiict that though I have ex- 
amined some thousands of specimens of PolyiUmullaf I have never met 
with a megalospheric form with a central chamber less than 34 fi in 
diameter, I am inclined to think that the great irregularities in size in 
the brood of young, and the small diameter of some of them, are the result 
of abnormal development 

In some genera, however, as stated below, the two forms cannot always 
be distinguished by the size of the central chamber. 

Nudear Changes. — When, in the reproduction of the microspheric 
form, the megalospheres first become isolated, the centre of each is 
occupied by a sharply -defined, round nucleus, about 7-8 /a in 
diameter, staining uniformly pink in picrocarmine. At this stage 
there is also diffused in the protoplasm a material taking a stain 
in this reagent; but in a short time the stained material, pre- 
viously diffused, becomes aggregated in defined but irregular 
masses, which gradually draw together, and for a time frequently 
hide the nucleus from view. When two or three chambers of the 
young test have been formed the nucleus is again distinctly visible 
(Fig. 11, 6, N)f together with one or more irregular masses (n) 
formed by the closer aggregation of the previously diffused 
material. In many cases, though not in all, a mass apparently 
identical with the latter remains visible in or near the central 
chamber in specimens of the megalospheric form in advanced 
stages of growth; but it is, I believe, the round nucleus which 
was seen in the megalosphere at its first formation which becomes 
the nucleus (" principal kern ") of the megalospheric form. 

The relation between this nucleus and the nuclei and irregular 
strands of the microspheric parent has not been followed.^ 

Growth and Reproduction of the Megalospheric Form. — As the 
individuals of this form grow, and the number of their chambers 
is augmented, the nucleus likewise increases in size, and, leaving 
the megalosphere, it moves on through the chambers, becoming 
temporarily constricted as it passes through the narrow passages 
connecting them. In specimens fairly advanced in growth the 

^ I have not met with any evidence in support of Sohaudinn's statement 
(44, p. 95) that the laiige nnclena (" principal kern ") of the megalospheric form 
results from the massing together of the irregular strands of the microspheric 
partnt 
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nucleus is, as Schulze pointed out (64, a), usually found in or 
near the chamber which is numerically in the middle of the series. 

In the cells of growing vegetable tissues the nucleus moves towards that 
part of the cell at which growth is most actively proceeding.^ Thus in a 
growing root-hair the nucleus is found near the tip ; in a young stellate 
hair, it lies at the point of junction of the rays. Its movement towards 
the regions of activity results, we must suppose, from a certain force 
impelling it in that direction, and its position when at rest is at the point 
where the impelling forces, resulting from the activities of the proU^lasm 
in different parts of the cell, are in equilibrium. 

In the forms of Foraminifera in which the nucleus is single it 
appears that its position is likewise dependent on the disposition of the 
protoplasm. Thus in the megalospheric forms of Cycloclypeua and Orbi' 
iolites complanata the nucleus is found in or near the central chamber, 
where, owing to the cyclical growth in these genera, the attractions, due 
to activity at the periphery, are in equilibrium. In the forms with 
spiral arrangement the nucleus moves on through the series of chambers 
as growth proceeds. In Polystomellay however, the nucleus of the 
megalospheric form always lags some distance behind the point at which, 
judging from the disposition of the bulk of the protoplasm, we should 
expect the attractive forces to be in equilibrium. 

At the earliest stage at which it has been recognised the nucleus 
appears to be a homogeneous body. As it grows, round nucleoli 
make their appearance, and these are comparatively large in young 
specimens, and decrease in size while they increase in numbers as 
growth proceeds. 

Sections through the nucleus of specimens fairly advanced in 
growth show a well-defined nuclear wall, a reticulum with finer 
or coarser meshes occupying the interior, and rounded nucleoli at 
the nodal points of the reticulum. Minute granules may often be 
detected in the strands of the reticulum. 

It appears that throughout the vegetative phase of the megalo- 
spheric form small fragments are separated oflf from the nucleus, 
and they may often be seen as irregular bodies, sometimes con- 
taining nucleoli, lying in the neighbourhood of the nucleus, or in 
the chambers through which it has passed in its passage onwards 
from the megalosphere. 

Towards the end of the vegetative phase of the life-history of 
the megalospheric form the nucleus loses its regular outline and 
its power of receiving stains, and finally disappears. In such 
specimens it may often be observed that additional passages have 
been opened up, by the dissolving action of the protoplasm on 
the shell substance, between adjoining chambers of inner and 
outer convolutions, so that the inner chambers are placed in 

^ Cp. Haberlandt'fl researches, quoted by 0. Hertwig, Die Celle und die Oewebe 
i. p. 269. 
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more direct communication witb the outer, and bo with the 
exterior. 

Beprodwiive Phage of the Megalotpherie Form. — In apeciinena in 
which the large nucleus has disappeared hosts of minute nuclei 
may be found, scattered uniformly or in groups through the 
protoplasm. 

Presumably these are derived from constitnenu of the principal 
nucleus, and possibly of the small nuclear fragmonti as well, but 
their precise relation to these bodies has not been followed. 

When the nuclei are evenly distributed the protoplasm breaks 
Up into minute rounded maeses, the centre of each being occupied 
by a nucleus. Division of these nuclei by karyokinesis now occura, 
and is simultaneous or nearly so throughout the organism, and 
this is followed by a second division of the protoplasm to form 
rounded bodies about 3-4 ji. in diameter, each containing one of the 
daughter nuclei (Fig. 12). At a later period the contents of the 
shell issue as active zoospores 
of approximately uniform siee, 
which swim rapidly by means of 
flagella. 

It is to be noted that, as in 
the case of the reproduction of 
I the microspheric form, the whole 
of the protoplasm of the parent 
is used up in the production of 
the toosporee. 

Though the zoospores have 
been seen issuing from the 
shell, their precise characters, 
when ripe, have not been accur- 
ately described ; nor have we as 
yet direct evidence as to their 
.fate. 

\ That there ie a close relation 
between the zoospore and the 
microsphere is suggested by the fact that there ia no great differ- 
ence in size between these structures, the diameter of the former, 
before their escape from the parent ahell, being 3-4 /i, and that of 
the latter about 10 /t A further piece of evidence tending in 
this direction is furnished by an observation of Schaudinn's (44, 
p. 92). In an aquarium containing abundant Polystomellas, 
Schaudinn suspended coverslips by means of threads, so arranged 
that the lower borders of the coverslips were separated by about 
2 cm. from the stratum covering the bottom of the aquarium. 
After two days young examples of the microspheric form were 
found on the coverslips. Now throughout the vegetative phases 




in tlircmgh ft ipeclnnn of tl 
are dtvlded up into fooHpor 
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of its life Pdystamella crawls over the surface of submerged objects, 
by meaus of its pseudopodia, but is incapable of swimming freely ; 
and as the depth of 2 cm. far exceeds the distance to which the 
pseudopodia of so young a specimen are likely to extend, the 
colonisation of the coverslips by the microspheric form under 
these conditions points to the existence of a free swimming 
stage prior to the vegetative stage in which the young forms 
were found. Such a stage is supplied by the free swimming 
zoospore. 

The results furnished by direct observations on the life-history 
of Polystomdla may be summarised in two statements : — 

The microq>herie farm terminates Us existence by becoming trans^ 
formed into a brood of megalospheric young. 

The megalospheric form terminates Us existence by becoming tram- 
formed into minute zoospores of uniform size. 

Before discussing the bearing of these results on the relation- 
ship of the microspheric and megalospheric forms, it will be con- 
venient to consider some facts in another life-history, that of 
OrbitolUes complanata. 

Life -HISTORY of Orbitolites cx)MPLANATA. — The main 
features of the structure of this species are described below (p. 
104 and Figs. 36 and 37). For the present purpose it will be 
sufficient to point out that the mode of growth is, except in the 
early stages, cyclical, concentric rings of small chambers being 
added at the margin of the disc-shaped test, and that the tests 
are biconcave. In the microspheric form the central region is 
thin, being built up of the microsphere and the small chambers or 
'* chamberlets " which succeed it. 

In the megalospheric form the centre of the shell is thicker 
owing to the presence of the " primitive disc " (Figs. 37, A, and 38). 
This consists of the megalosphere, a spiral passage, and of the 
very large crescentic chamber, which nearly surrounds the other 
constituents of the primitive disc. The outer margin of the 
crescentic chamber is perforated by pores, by which it opens into 
the innermost ring of chamberlets. 

Reproduction. — The production of megalospheric young by a 
microspheric parent has been repeatedly observed (4 and 20, and 
Fig. 36, b). In the later stages of the growth of the parent 
spacious brood chambers are formed at the periphery of the disc, 
and in the reproductive phase the protoplasm is withdrawn from 
the small chambers internal to them and massed in the brood 
chambers, where it breaks up to form the brood of young. On 
their escape, which is effected by the breaking down of the outer 
walls of the brood chambers, presumably under the dissolving 
action of the protoplasm of the young, the test of each young 
individual has already the structure of the *' primitive disc" 
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which is found at the centre of the megalospheric form (Figs. 37, 
A, and 38). 

This process is clearly comparable with the formation of the 
megalospheric young by a microspheric parent which we have 
followed in PolystomeUa, the chief difference consisting in the fact 
that the young are formed in peripheral brood chambers and not 
outside the test of the parent. 

By analogy with PdystomeUa we cannot doubt that megalo- 
spheric parents give rise to zoospores. Specimens of OrbiiolUes 
have, however, been found (and the corresponding phenomenon 
has also been observed in several other genera) in which a 
brood of megalospheric young occupies the peripheral chambers 
of a test; the centre of which is formed by a primitive disc, and 
which ^'s tLerefore megalospheric (20, p. 435). Hence we must 
conclu'-3 that in these cases the megalospheric form may be 
repeatec possibly more than once, before a brood of zoospores 

is produced. The behaviour of the 
nucleus under these conditions has 
Q \ '9 not been closely followed. 

^ p A ^^g* 1 ^ illustrates a similar repe- 

■" tition of the megalospheric form in 
:^ the case of Comuspira invclvens} 



^ 



0^ 




^ aC^Ij I '^ Eelation between the Microspheric 

and Megalospheric Forms, 



With the evidence furnished by 
Fio. 18. the life -histories of Polystomdla and 

«<«w?^? *i:^**^' I^^' J^^ Orbitoliies we may now return to the 

contents of a megalospheric form have * i i • 

emerged from the shell and divided up quCStlOn of the relationship of the 

into a number of young, which are also i _i j • u • / 

megaioenheric. In both parent and megalospQeric and microspneric lorms. 
lS^ntj^'^]r^«t^' The earliest view held on this 

subject, that they represented two 
species of a genus, is at once disposed of by the fact that the 
megalospheric form is the offspring of the microspheric. 

The next suggestion was that the two forms represent the two 
sexes. 

To this, two objections may be made on general grounds. 
(1) The difference between them is most marked at the beginning 
of their growth, when they consist only of the central chambers, 
the microsphere or the megalosphere, while males and females 

^ In his preliminnry pai)er Schaudinn states (44, p. 96) that the megalospheric 
generation may also be repeated (though rarely) in Polystonidla^ and that in such an 
event no principal nucleus is formed by the megalospheric parent. As Rhumbler 
remarks in his notice of Scbaudinn's paper {Zool, Centralblatt. Jahrg. 2 (1895), 
p. 453, footnote), it is difficult to see how this result can be reached, for the shell of 
PolyttomeUa is too thick to allow the nuclear condition to be observed during life. 
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arise from eggs which are, so far as observation has yet advanced, 
similar, and are most differentiated when adult. (2) Although 
the differentiation of male and female gametes is known in several 
groups of the Protozoa {Sporozoa^ CUiatay FlageUata), a differentia- 
tion of the parent organisms which produce the gametes, which 
would be the phenomenon comparable with the sexual dimorphism 
of the Metazoa, is unknown among the Protozoa. 

But apart from a priori objections, it may be well to try how 
the ascertained facts of the life-history fit this hypothesis. The 
megalospheric form, producing zoospores, would evidently on this 
view represent the male, while the microspheric form, producing 
the large megalospheres, might be regarded as the female. It 
might be supposed, the fate of the zoospores being unknown, that 
they unite with and fertilise the megalospheres. But while the 
origin of the megalospheric form, the supposed male, is thus 
accounted for, that of the microspheric form, the supposed female, 
remains unexplained, and as the whole of the protoplasm of the 
parent is, to all appearance, used up in the brood of megalospheric 
young, the hypothesis is at fault. Moreover, in OrbiioliUs, 
Comuspiray and other genera the megalospheric form may also give 
rise to a brood of megalospheric young, a proceeding foreign to 
the nature of a male organism. Hence neither of the forms of the 
species conforms to the character assigned to it by the hypothesis : 
the microspheric form, the supposed female, in that it does not 
produce " females '' ; the megalospheric form, the supposed male, in 
that it does in some instances produce '* males." 

A third hypothesis is in harmony with what we know in other 
groups of the Protozoa, and fits the ascertained facts. It is that 
the two forms represent alternating or recurring generations in a 
life-cycle. The individuals of the microspheric form reproduce 
asexually by the multiple fission of their protoplasm to form broods 
of megalospheric young. The individuals of the megalospheric 
form may undergo, in some genera, a similar process, but ulti- 
mately a megalospheric individual is produced whose protoplasm 
divides into zoospores. 

How is the gap between the zoospore and the microsphere 
filled? 

That they are closely related is suggested, as stated above, by 
their approximation in size, and by the indication, afforded by the 
colonisation of Schaudinn's coverslips, of a free swimming stage 
preceding the vegetative phase of the microspheric form. Another 
remarkable fact bearing on the matter is the scarcity of the micro- 
spheric form in comparison with the megalospheric, a scarcity all 
the more striking when it is b6rne in mind how far more numerous 
are the zoospores produced by one megalospheric individual than 
the members of a brood of megalospheres. 
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The analogy of other life -histories would lead us to suppose 
that at some point in the cycle a sexual process, the conjugation, 
with nuclear fusion, of two organisms, occurs, and the life-history 
of Trichosphaerium sieboldi, Schn., which has lately been worked 
out by Schaudinn (47), to whom so much of the recent advance 
in our knowledge of the life -history of the Protozoa is due, 
appears to afiford a very appropriate parallel This form is 
not included in the Foraminifera, but is a somewhat aberrant 
member of the allied group — the Lobosa. The main features 
of its life- history are, however, remarkably similar to those of 
Polystamdla. 

The individuals are rounded multinucleated masses of proto- 
plasm not contained in a definite shell, though surrounded by a 
gelatinous envelope. They form a dimorphic series, the members 
of which recur in a cycle of generations. In those of one genera- 
tion, which may be called by HaockeFs term AmphiontSy reproduc- 
tion occurs by the simultaneous division of the protoplasm about 
the nuclei to form spherical uninucleated masses, which emerge 
and grow into the members of the other generation — the ManorUs. 
These in their turn break up, after subdivision of their nuclei, into 
zoospores. The zoospores are biflagellate organisms, and are all 
alike. 

While the zoospores from the same parent will not unite with 
one another, those from different parents conjugate readily. In 
this process, which has been carefully followed by Schaudinn, the 
nuclei of the two gametes unite, their flagella drop off, and the 
zygote so produced, absorbing fluid, undergoes a considerable in- 
crease in size, so that in a few hours its diameter is more than 
doubled. The zygote shortly afterwards secretes a gelatinous 
envelope, and the characters of the full-grown individual of the 
amphiont generation are gradually acquired. The multinucleate 
condition results from successive mitotic divisions, beginning with 
that of the nucleus of the zygote. 

In Hyalopus dujardinii^ which may be regarded as a member, 
though an aberrant one, of the Foraminifera, Schaudinn (43) has 
also observed the conjugation of zoospores, but in this case the 
• process occurred between members of the same brood. 

If we assume that a similar conjugation of zoospores occurs in 
Pclystomdla^ the facts above alluded to are at once explained. 

The fusion of two zoospores (4 /x in diameter), and the subse- 
quent expansion of the zygote by the absorption of water before 
the secretion of a shell, might well form a body of the size of the 
microsphere (about 1 /x) ; the free locomotive stage prior to the 
settling down of the microsphere, indicated by Schaudinn's 
experiment, is supplied ; and the comparative rarity of the micro- 
spheric form is explained on the supposition that, as in Tricho- 
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sphaeriwm^ the meeting and conjugation of zoospores from different 
parents is necessary for the production of a microsphere. 

It is very desirable that the conchision should be confirmed 
by direct observation, but, meanwhile, it seems not premature to 
admit that it is probable that the microsphere arises from the 
oonjugation of zoospores. 

We may conclude, then, that the microspheric and roegalo- 
■pheric forms of the Foraminifera represent alternating or re- 
curring generations in a life -cycle. While the megalospheric 
generation arises asezually, either from a microspheric or a megalo- 
spheric parent, it is probable that the microspheric generation 
arises sexually — i.e. by the conjugation of two similar zoospores. 



Representatives of the two generations have been recognised 
in species belonging to the following genera of Foraminifera : — 

Order I. Gromiidea (7).^ 

( ,« 2. Astrorhizidea.^ 

( ,, 3. Lituolidea.) 

„ 4. MilioUdea. 

Family Mhjolinidae. — ComiMptra (24, 1898, p. 612); Spiro- 
loeultna (57, p. 201) ; Btloculina (27, p. 863) ; Sigmoilina (Planupirina, 
pars), SchL (53, p. 106) ; Triloculina and Quinqueloculina (27, pp 863 
and 1598); MauUina (57, p. 218); Adelonna (52, p 91); Idalina 
and Periloculina (28) ; Lacazina (27). 

Family Hauerinidax. — Planispirina, Seg. (56, p. 194). 

Family Pskbroplididae. — Peneroplis and Orhiculina (this article) , 
OrbitoliUi (4, p. 693, and this article) ; Meandropnna (59). 

Family ALVxoLnnDAX. — AlveoHna (51, p. 526). 

Order 5. Teztularidea. 
Family Teztularinas. — Textularta and Spiropleeta (this article). 

(Order 6. Ohilostomellidea.) 
„ 7. Lagenidae. 

Family Nodosarhdae. — Nodoiaria and Dentalina (51, p. 526); 
Fnmdicularia (15, p. 480) ; Cri$Ullarta (?) (5, p. 45). 

Family Polthorphikidax. — Siphogmerina {Sagrina) (50, p. 21). 

(Order 8. Globigerinidea.) 
„ 9., Botalidea. 

Family Botalidax. — Rotalia (51, p. 526, and 20, p. 436); 
TruncattUina and Cakarina (20, pp. 436 and 437). 
Family Tinoporidae. — Polytrema (23). 

^ The ctfMS of Hyalopui and Mikrogromia are considered below. . 
* In the ordera included in brackets 1 have not succeeded in finding a record of 
the eyjetenoa of dimorphism. 
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Ordbr 10. Nmninulitidea. 

Family Fusulikidax. — Ftaulina (68, p. 1). 

Family Poltbtomellidab. — Poly$iomeUa (20, p. 415). 

Family NumfULiriDAE. — OpereuUna (this article); Amphutegina 
(61, p. 626) ; Nvmmuliie* and AMina (26, p. 300) ; Heteroitegina (this 
article) ; Cyclodypeus (10, p. 21, and this article) ; Orbitoidei (31, p. 
268, and 61, p. 463) ; Miogypgina (60, p. 328). 

Thus the phenomenon of Dimorphism, the occurrence of mem- 
bers of a species under two forms — the megalospheric and micro- 
spheric — is widely spread among the orders of the Foraminifera, 
and where it is found it affords clear evidence of alternating or 
recurring generations in the life-history of the species exhibiting it. 



Review of the Structure and Life-history displayed 
IN THE Orders of the Foraminifera. 

As the attention of the many workers who are occupied with 
this group is turned to the subject, the list of dimorphic forms 
will, no doubt, be greatly extended ; but there are indications in 
the descriptions already published of phases in the life-history of 
some forms, especially in that borderland occupied by the simpler 
Foraminifera, which depart in a greater or less degree from those 
described in Polystomella and OrbUdUes ; and we may now take a 
survey of the features of life -history which have been described 
in the different groups, and of the more interesting modifications 
in the form of the test, which, as we have seen, is found to be 
more or less dependent on the phase of the life- history of the 
organism which secretes it. 

In chambered tests, in which the walls of the first formed 
chamber remain unaltered throughout growth, evidence of the 
mode of origin of the individual, whether as a megalosphere or a 
microsphere, is furnished by the structure of the test. But in the 
great majority of the Gromiidea and Astrorhizidea, the tests expand 
to accommodate the increase by growth (cp. p. 54), and all in- 
dications of the size of the test when it was first secreted are 
obliterated. Hence we are deprived in them of part of the evidence 
on the course of the life-history which we have in other groups, 
and we must rely on the characters furnished by the soft parts 
of preserved specimens, or on direct observation of the living 
animals. 

From the evidence which we have, however, it is not clear 
that the course of the life-history of some members of these orders 
is the same as that of the dimorphic Foraminifera above described. 



THE FORAMINIFERA 



79 



Order Oroxniidea. 

In Euglypha (Fig. 3) multiplication, by division into two, 
ocean as follows.^ The specimen which is about to divide 
secretes fresh shell plates, which are at first dispersed in the 
protoplasm about the nucleus. The pseudopodia are with- 
drawn, and the protoplasm is extruded beyond the mouth of the 
test in a rounded mass. This grows until it assumes a sice 
equal to that of the test from which it protrudes, and the 
newly-formed plates are disposed on the surface to form a new 
test. The nucleus divides by karyokinesis, half going to each 
end of the mass, and division of the protoplasm follows, one part 
remaining in the old shell and the other in the new one. 




Fio. 14. 

Colony of Jfifcrogroinia aodalU in the difltiMd eondiUon. o, an iodividoal in procaM of 
mnltlplioation by transvena flMion. cv, contamctUe vuuole. Two of the members of the 
colony are eeen to be undergoing the same process. 

Blochmann (2) has described a process in which, after the 
division of the nucleus, the protoplasm was withdrawn from the 
newly formed shell, and this, together with \he daughter nucleus 
remaining in it, was cast off. It is suggested that this may be 
comparable with the extrusion of parts of the nucleus observed in 
some other Protozoa and in polar-body formation. But in view 
of the fact that the new shell was cast off, as well as the daughter 
nucleus, this interpretation appears, to say the least, forced. 

A temporary fusion of the protoplasm of two or more indi- 
viduals, apparently without fusion of nuclei (plastogamy), was 
observed by Blochmann, and iu one instance a new individual was 
apparently formed by the conjugation of two. In this case it 

^ The prooesa wis first described by Gruber (16), and followed out in detail by 
Scbewiakoff (48). 
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waa supposed that the nuclei had united (kary agamy) as the new 
individual was uninucleate. 

Encystment also occun in Eu^yjAa, but what the Bubsequeut 
stage may be is unknown. 

Mikrogromia todalu, first described by Archer,' and afterwuds 
more fully by E. Hertwig (18), is a fresh-water form, occurring in 
colonies, the members of which are united by their pseudopodia. 
The colonies are sometimes globular and compact (Ogitoph^i 
sto^o;, sometimes diffused (Fig. 14), and in the latter condition 
present an interesting resemblance to a brood of young megalo- 
spheric individuals of Polyttomdia in a stage of dispersal 
(Fig. 10. d). 

The growth of the colony resulta from the partial longi> 
tudinal fission of the members into two (or three), one (or two) of 
the products of fission escaping 
secreting a new teat, and taking its 
place in the colony. Hertwig alio 
observed the production of young 
individuals, arising by transverse 
fission (Fig. 14, a). Of the two bodies 
so formed one remains in the test, 
continuing the v<^tative phase of 
the parent, the other becomes free, 
and, in some cases, swims away as 
a biflagellate organiBm. In other 
cases, however, the flagelia were not 
observed, being replaced by pseudo- 
podia, resembling those of Adino- 
phryi. The further history of the 
young thus produced waa not 
followed. Assuming this to be a 
normal phase of development of 
Mikrogromia, it appears to be with- 
out a parallel in the life-history of 
Pdysiamella. 

Hyalopus dvjardinii, Schaudinn 
( = Qromia dujardinii, M. Schultce) ts 
a marine form distinguished by the 
hyaline and nongranular character of 
its pseudopodia, and by the ab#ence 
of anastomoses between their branches. 
The main body of the protoplasm is 
covered by a chitinous envelope, and contains large brown 
rounded granules and many nuclei. In the condition in which it 
a ipedM, OyttapKTf* hatdidiama utd Onmia tod^i* 
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was described by M. Schultze (64, p. 55), the shape is oval, and 
there is a single orifice (Fig. 15), but Schaudinn finds (43) that 
when living amongst the stems of algae, it loses its oval shape 
and assumes a branching form, new mouths being developed at 
the ends of the branches. Such branched forms may attain a 
length of 5 mm. 

Two modes of reproduction were observed. One is by a 
process of fission, the body slowly dividing into two or three 
parts, sometimes of unequal sizes ; the other is by the formation 
of zoospores. In the latter process the pseudopodia are retracted 
and the whole protoplasm divides up into oval or pear-shaped 
bodies, 5-8 /i in diameter, containing a nucleus 3-6 /a in diameter, 
a vacuole, and a conspicuous granule. They swim by means of 
a single flagellum 30-38 /a in length. 

The zoospores conjugate in pairs, but in this case the conju- 
gation is, according to Schaudinn, between members of the same 
brood. The further history of the zygote could not be followed. 

The formation of the zoospores of HyalaptLs is evidently com- 
parable on the one hand with the reproduction of Trichosphaerium 
which gives rise to the ^* amphiont " generation, and on the other 
hand with the reproduction of the megalospheric form of Pdysh- 
mella, 

A similar mode of reproduction to the slow process of fission 
of Hyalop'ii^ has been seen in Lieherkiihnia and Lecythium, the 
division of the protoi)la8m involving that of the envelope. Whether 
this is to be compared with the production of the brood of 
melagospheres by the multiple fission of the microsphere parent, 
or to the similar slow fission which occurs in Trichosphaerium in 
addition to the multiple fission of the "amphiont" parent, it 
appears to be at present imiK)ssible to decide. Many of the 
Gromiidea have a single orifice to the test, as in Gromia and 
Eiiglyphii (Figs. 1 and 3). Sheplieardella and AmphUrema have two 
orifices, situated at either end of a median axis (Fig. 16, 5 and 11). 

Ordkii Astrorhizidea. 

In Saccammina, and some other members of the Astrorhizidea 
in which growth is accompanied (as explained above, p. 54) by 
expansion of the test, no evidence on the phase of life-history 
represented, is furnished by its structure. But in other genera, 
such, for example, as Huperammina^ in which the tests grow not 
by expansion, but by addition, a large globular chamber is some- 
times found at the commencement (Figs. 17, rf, and 18). Such 
forms may well represent a megalospheric generation. There 
is, however, no evidence at present of the microspheric forms 
corresponding to them. 

Rhumbler has made a careful investigation (33) of the nuclear 
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ehftTMten of SaeaomwiiVi QiAoerKO (Fig. 17, fr). He found that 
among the 286 apecimeiu which he examined, a single nucletu 
was present in all but one 
(which had two nnclei, and 
was regarded u abnormal), 
and the phases presented by 
the nuclei fell into a con- 
tinuous series. They corre- 
spond with those of the nucleus 
di the megaloBpheric form of 
Polifitomdla. The nucleus in- 
creases in size with the growth 
of the organism, and the 
nucleoli ("binnen korper"), at 
first large and few, increase 
in number and diminish in 
SIM. Finally (PI. 23, Fig. 67) 
the nuclear membrane breaks, 
and linin threads containing 
chromatin grains are dispersed 
in the protoplasm. From these 
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later nuclear phases it appeared that some process of reproduction 
was imminent but none was observed. The formation of zoospores 
by the Foraminifera was at that time unrecognised, end Rhumbler 
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was surprised at finding no indication, notwithstanding the 
abundant material at his command, of the formation of a brood of 
young resembling the parent. On the analogy of the life-history 
of FolystameUa, the absence of such indications appears in no way 
remarkable, for such a nuclear history is associated, as we have 
seen, with the production of soospores. 

The only difficulty in applying this analogy arises from the 
fact that no indications were found of a form of Sae(Mmrma with 

a different nuclear history, 
corresponding with that of 
the microspheric generation of 
Polyriomdla. 

It is, of course, possible 
that the microspheric form, 
although occurring in nature, 
did not happen to be repre- 
sented among the specimens 
examined; but however this 
may be, it is clear that we are 
not at liberty to assume the 
existence of a microspheric 
form in Saccammkia, Hence, 
in the absence of other evi- 
dence bearing on the point, 
the Astrorhiddea cannot at 
present be admitted into the 
list of dimorphic Foramini- 
fera. 

In Haliphymna Umano- 
wiczii (Fig. 19) Lankester (19) 
described numbers of ''egg- 
like " bodies, varying in diani- 
eter from y^ to -^ inch, 
scattered through the proto- 

ST.toTx»;Ti!5S!i P^™- They appeared to be 
ciinoi. (After BnAf.) nucleated, and, in some cases, 

in process of division. It was 
surmised that they might be concerned in reproduction. Further 
information on the nature of these bodies would be very accept- 
able, but the possibility appears not to bftve been excluded that 
they are symbiotic or parasitic organisms similar to those which 
abound in the protoplasm of OrbiiolUes complanata. 




Fio. 18. 

Hy ptnmm ina orboreiOCTM, 
mens growing attached to a i 
chamber of another ipeciincn. 
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Order Litnolids&. 



TbiB order consists of ftrenaceous forms which are "isomorphic" 
with genera belonging to several of the other orders; and by 
many authors the order is broken up, and its genera associated 
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with the oaloareoos fwms which they resemble. In some oases 
(i.;. CoTvtufira, Nadoiaria, SiAUia) the latter are, as wilt appear 
below, dimoipldc, so that we should expect their " isomorpha " to 
be so likewise ; bat though this is very probably the case, I am 
aware of no direct avidonce on the matter. 

A proeeea of -reproduction is recorded by Schaudinn (43) in 
Jmaodiiau gor^alit, P. and J. The protoplasm divides within 
the p»reiit test Into some 50'80 yoang, which become invested 
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with a cbitinoue envelope, together with siliceous particles pre- 
Tiously takea into the protopUem. 

Ordkr HiliolidMt. 

On coming to the Miliolidea we have a large body of evidence 
on dimorphism, thanks in great measure to the careful investiga- 
tions of Schlumberger, by whom, either alone or in conjunction 
with Munier-Chalmas, the foundations of our knowledge on the 
dimorphism of the tests of Foraminifera have been kid. The testa 
will first be described, the nuclear characters and such details of 
the life-history as are to hand being given at the end. 

Family Milidimdat. — Before considering the phenomena of 
dimorphism in this family, it is necessary to describe the character- 
istic structure of the test in certain forms. 




na.ll. 
.d'Orb., 

■0. (After Bndr.) 

The simplest type is met with in Comutpira. 

The whole of the test except the central chamber (which pre- 
sents a well-marked difference in sice in the two forms, Fig. 20) 
consists of a continuous tube, gradually increasing in diameter aa 
it is followed away from the centre, but without any constrictions 
dividing it into separate chamben. In both forms it is disposed 
in a closely-wound spiral lying in one plane, so that a section in 
this plane would divide the test symmetrically. 

In the gen\M Spiroloculma the arrangement is somewhat similar, 
but here the tube is divided into distinct chambers, each of which 
ends in a contracted mouth with an everted lip. The chambers 
increase successively in length, and are so disposed that each 
occupies half a turn of the spiral. It results from this arrange- 
ment that the mouths of the chambers are directed alternately in 
opposite directions, and each chamber is applied to that which is 
next but one before it in the series. A straight line, which passes 
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through the ceDtral chamber and the mouths of all the chamben 
which locceed it, has been called the oxm 0/ amatmction. The 
spiral formed by the seriee of chambers is not quite regular, as is 
the caae in Carmupira ; for while each chamber is gently curved, 
there is a sharp bend where one chamber communicates with 
another. Hence the test is elongated in the axis of construction. 
In SpiroloculirM the chambers are disposed in one plane, and the 
width of each la only slightly greater than that of its predecessor, 
BO that all the clumbers are exposed on the two flat faces of the 
test (Fig. 21). 

In all but the earlier chambers of the microspheric forms the 
arrangement characteristic of the genus Biloculina ie essentially 
■imilar, but there is a marked difference in the shape and appeai*- 
ance of the test owing to the great width of the chambers. Each 




is so wide that its margiaa are in contact with those of its prede- 
cesaor, and overlap them at the sides (Figs. 22, a, and 24). It results 
from this arrangement that the two last chambers enclose those 
previously formed, and they alone appear in the contour of the 
teat. As in the preceding genus a median longitudinal section 
through the last chamber divides the whole series of chambers 
into symmetrical halves. As will appear later, the microspheric 
form of BUoeuiina departs considerably from this arrangement. 

In Triloadiita and Quinqiuloealina^ the chambers are likewise 
disposed about an axis of construction, and their months open 
altemataly in opposite directions, but the median plane of any 
chamber is not that of it« predecessor, but directed at a definite 
angle to it. It is as though in a BtUKulina test, while the plane 
in which the new chambers are formed retoains constant, the 
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part of the test already formed were to rotate on its axis of con- 
struction through a definite angle in the interval between the 
formation of one chamber and the addition of its successor. In 
the genus TVifoeuItna the rotation is through (approximately) one- 
third of the circumference, in Qiiin^u^toeti/iiia through two-fifths, 
and the chambers are disposed in three and five radii respectively. 

In these genera the width of the chambers is, moreover, less 
than in BUocidina; and in 2W{oeu2ina three, in Qim^[udoeulina five 
chambers are exposed, at any given stage of growth on the contour 
of the test. 

We may now turn to the phenomena of dimorphism as pre- 
sented by members of this family. 

In representatives of all the genera included in the list on 
p. 77, a well-marked difference has* been shown to exist in the 
size of the central chamber in the two forms of the species. Thus 
in BUoeulina depresta the diameter of the megalosphere {M) ^ has 
been found to vary from 200 to 400 /i, and that of the micro- 
sphere (m) ^ from 18 to 25 fi (Fig. 24). 

In B. ringens the contrast is not so great (JKf = 54 ft, m = 20 fi). 
In TrUooidma M^ 204 /i, m» 18 fu In SigmMim M^ 96-150 /i, 
m = 27-36 li. In Addotina IT- 90-330 ^ m^ 18 ft. In Idalina 
Jf z3 180-440 /i, m= 12 /Lu In MasdUna a well-marked difference 
is said to be present, though the actual dimensions are not 
recorded. 

Turning to the plan of growth, in Comuspira and Quingudoefit' 
Una the tests are unifarmf Le. they are arranged on the same 
plan throughout, from the part which immediately succeeds the 
central chamber to the end of the test ; and this is the case in 
both forms of the species. McusUina has biformed tests in both 
megalospheric and microepheric forms, the earlier chambers being 
arranged on the quinqueloculine plan, and the later on the spiro- 
loculine. But in several of the other genera a marked contrast is 
found in the arrangement of the chambers in the megalospheric 
and microspheric forms. In the species of these genera the tests 
of the megalaspherie forms are, for the most part, uniform, the 
arrangement characteristic of the genus being followed throughout 
the growth of the test, while the tests of the corresponding 
microspheric individuals are bi- or tri-formed, the plan of growth 
of the chambers changing once or twice before the test is 
complete. 

Thus in many species of BUoeulina the arrangement of the 
megalospheric form is biloculine throughout (Fig. 24, a). In the 

* It will be convenient to use the letten M and m to indicate the diameten of the 
megalosphere and microsphere respectively, the " diameter '* being taken to imply, 
when the central chamber is not spherical, the mean between the long and short 
diameters. 
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microapheric form (Fig. 24, V) the cbamben BQceeeding the micro- 
ephere are arranged on -the quinquelocuUne plan, and this arrange- 
ment is maintained during the addition of a imaller or larger 
nnmber of chambers, according to the ipeciee. At a certain stage 
the chambers become wider, and conform to the triloculine plan. 
Finally, the biloculine arrangement is auumed and maintained 
during the remainder of growth. 

In like manner the megaloepheric forms of TWIomIumi an built 
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up on the triloculine plan throughout, while the microapheric forms 
begin life on the quinquelocuUne plan, though they conform early 
to the triloculine (Fig. 26). 

In some ipecitt it appeoiB that a difference in the arrangement of the 
uhamben is maintained thronglioQt the growth of the hsL Thus in 
IKIoettlina luetmala, Schwager, the microapheric form, commencing on the 
qninqnelocnline plan, becomes triloculine, but appeara never, according to 
Schlumbeiger, to attain to the biloculine amngement, which the m^^o- 
spheric form follows throughout The two forms are shown to belong to 
Uie game species by similarities in the shape of the cbamben, and aln 
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\tS the pnwnoe of a thin nndj Ufer on the surface of the test, which 
none of the other Bpeciea inhabiting the ume locality poneas (6&). 

A differenoe in the arrangement of the chambers throughout growth 
ii alio nid to be found in J jilanna poIvpotM, Scblumb., but it is in part 
of a different character. In this Bpeci«a the chamben are all arranged in 







I, tlu mtgnloiphtria ftnn. 



■ lingk plane in the megBloapheric form, and after a pieliminar; 
qninquelocoline phase they sre arranged in a single plane in the micro- 
■pharie form. 80 fiv the amngement SigreeH with that of A'IochIwiii. 
Bat the ohamben of AiAotma polygonia do not occupy a half turn of the 




(AlUr SoUnnbwiBr, M.) 



•piral, M do the chambers in that genus, but onlj one-third or a qoarter 
of a ttm. In the mieraspheric form each chamber occupies one quarter 
of a turn of the fpind, and the teats are, in consequence, quadrangular in 
OBtline. In the megalospheric form the chambers occupy each one-third 
of a turn, aikd the resulting tests are triangular (Fig. 26). In about 1 per 
cent of the individuals of this form, however (310 were examined), the 
quadrangular arrsjigement was adopted in the last whorl (54). 
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In Uie Miliolinidaa, then, the teats of the megftloepherio and 
microapheric fonas of a speoiea di£Fsr in the aice of the eentnl 
ohunbera, and also in lome oases in the arrangement of the 
ohambers which immediately succeed it. When this differenoe is 
found it depends on the fact that while the megalospherio form 
generally grows on a uniform plan throughout, the' microepheric 
form 'assumes for a longer or shorter period of its growth an 
arrangement different from that to which it subsaqoently con- 
forms, and one which is, in many cases, oharaeteristie of anodier 
genus of the group.* 

The term /nifiol PofymorpUim was first applied by Hunier> 
Chalmas and Schlumherger to a varying condition with respect 
to the arrangement of the initial chambers observed among 
different individuals of the megaloepherie form of the fossil 
li^ma anti^ua. It occurs also, as we shall see, in other genera. 
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In this species the megalospheric and microspheric forms are 
sharply contrasted in the size of their central chambers 
(if=lSO- 440^ n)7l2/i), and the arrangement of the chamben 
is, in the main, that characteristic of Biloeulina. The microephwio 
form passes through quinqueloculine and triloculine stages to a 
biloculine condition, which, however, is converted in this genus in 
the later Btages of growth to a uniloculine state, by the lateral 
aztennon of each of the chambers in turn, to embrace the whole of 
the previously formed test The megalospheric form begins in 
many coses (Fig. 27, a), on the biloculine plan, to become unilocular 
at a later stage, like the microspheric form. In some cases, 
however, the initial chambers of ^is form are arranged on the 
triloculine plan (b), and in others again on the quinquelocuUne 
(c), though the biloculine arrangement is soon assumed, in the 
latter cose with a brief intermediate triloculine phase. Moreover, 
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and it is important to notice this point, the forms with the largest 
megaloepheres are those which assume the biloculine condition 
directly; those with the smaller megalospheres repeating the 
triloculine or the quinqueloculine arrangement. 

Family JETonmntdiM. — ^The biformed genera brought together 
in this family are said to be characterised by the cornuspira-Uke 
or ndlioline (tri- or quinque-loculine) arrangement of. the chambers 
in the early stages of growth. In some cases, however, as in 
AHiculina conkchartieidaia^ Batsch, two forms of a species occur, one 
beginning in a large globular chamber with 
a short spiral passage leading to the later 
chambers, which are disposed in rectilinear 
series (Fig. 28, a), the other with a group 
of miUoline chambers at the beginning 
(Fig. 28, b). It appears probable that 
these represent the two forms of the 
species, comparable with those found else- 
where. 

Family Peneraplididae, — Four genera 
are here included — PeneropU$^ OrUeulina, 
OrbUolUes^ and the fossil Meandrop$ina, As 
Carpenter pointed out, there is in this sub- 
family a well-marked series of forms with 
varying degrees of complexity of structure. 
Moreover, the contrast in the arrangement 
of the early chambers in the two forms of Bau^lll^tc^i^tMr^riB^ 
the species (that of the microspheric forms SIJJiJ^j?*' ^ "*^ ** ^" 
is here, I believe, described for the first time) 
appears to offer an instructive parallel to that met with in the 
Miliolinidae and elsewhere. Hence the group will be rather fully 
described. 

Peneroplis is represented by a single species (P. pertusui^ 
Forsk.) presenting, within certain limits, a remarkable range of 
variation.^ In all cases the chambers are simple. During the 
earlier stages of growth they are disposed on a planospiral plan, 
and this may be followed until the test is complete, but more 
usuaUy the terminal chambers are disposed in a rectilinear series. 
The width of the later chambers varies very much, as seen in the 
" croaer-shaped " and broad tests represented in Fig. 29. 

Another varying feature is the "equitant" character of the 
chambers, as the result of which the earlier convolutions of the 
spiral part of the test are overlapped and hidden in varying 
degrees by the alar prolongations of the chambers which succeed 
them. The first few chambers communicate by single apertures, 
but the apertures soon become compound, consisting of a single or 

^ Op. for the taperfii^Ul chanoten of the teits, Dreyer (18). 
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double row of porea, or, in the " dendritine " Tftrietiee, of ui 
opening the margins of which are produced into branched. aod 
winding recesses. 

The extent of the septum which forms the terminal face of 
each chamber, and is perforated by the apertures, varies, of cooth, 
with the shape of the chambers, being small and more or leu 
circular in outline in the crozier-ehaped forme, and much elongated 
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in the flattened forms. In the latter case it is markedly convex 
when seen from the side. 

In the me^alospheric form the size of the oval megalosphere 
varies in samples from different localities. Thus, in 300 specimens 
from Ari[)o, on the coast of Ceylon, I find the average value of 
JIf to be 30 /I, and it varies in different individuals from 24-42 /«. 
In a batch from Watson's Bay, Port Jackson, the average value is 
42 /I, and the individual variation ranges from 32-59 p. In two 
specimens in a West Indian gathering, however, M= 19 and 22 /n. 

A narrow spiral passage leads from the megalosphere and 
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winds round half to three-quarters of its circumference before 
opening into the first of the spiral series of chambers. As 
Khumbler has shown (35) the walls of the central chamber and 
the beginning of the spiral passage are traversed by minute radial 
perforations, so that the test formed in the earliest stage of the life 
of this form of Peneraplis is perforated, though, the walls formed 
subsequently are, at any rate usually, imperforate, in accordance 
with the rule in the Miliolidea.^ 

The micraspherie form of Peneroplis is very scarce in the 
material which I have examined. Among 1000 specimens I have 
met with only five. Its proportion to the megalospheric form 
appears, however, to vary in different localities. Thus, in a 
sample of sand from the Maldive Islands, dredged in 47 fathoms 
by Mr. J. S. Gardiner, the proportion is 3 to 108, or 1 to 36, 
which is about the same as obtains in PdystomtUa, On the other 
hand, in a batch of 480 specimens from Watson's Bay, I failed to 
meet with a single microspheric form. The values of m in my 
specimens are 17, 18, 19, 22, and 24 /a. On comparing these with 
the values of Af, it will be seen that the megalosphere may, in 
some cases, fall below the microsphere in size. The two forms 
JBure, however, sharply separated by the fact that, as in Orhieulina 
and OrUMUeSy the spiral passage is absent in the microsjiheric form 
(Fig. 29). 

Orbkulina. — All the forms of the genus are included in a single 
species, 0. adunea (F. and M.). Its distinctive features are the 
subdivision of the chambers into chamberlets, and the equitant 
character of the chambers in the earlier convolutions, giving rise 
to a prominent umbo at the centre of the flattened test. It 
affords a good example of the mode of occurrence of variation 
in one of the Foraminifera with a definitely symmetrical test 

Although the tests present themselves under a great diversity 
of external shape, the variations from the normal are limited to 
certain well-marked and definite lines. Fig. 30 shows the main 
varieties, as they are represented in a sample of ballast sand from 
the West Indies, kindly sent to me by Mr. F. W. Millett. 

The youngest tests are uniformly nautiloid (Fig. 30, a and 5), 
the chambers succeeding one another in a closely wound spiral. 
As the sections represented in Fig. 31 show, the chambers are 
elongated transversely to the course of the spiral ; hence we may 

^ The testB of Peneroplis present throughout their growth a surface pitting, whicli 
is usually shallow, but may be so deep an to amount very nearly to perforation. 
Indeed I am not convinced that some forniN are not completely perforateil in the 
later as well as in the initial chambers. As we shall Ree below, the central cham1>er 
and spiral passage of the megalospheric form are perforated also in Orbiadina and 
OHntoliUs marginalit. Tliere appears therefore to be no JuNtification for the se])ara- 
tioD of Peneroplit from the other genera of this family, as proposed by Rhiimbler, 
on aocount of its supposed ))ecu1iarity in this respeot. 
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(peak of their two enda aa ixmer koA. ouier — the former directed 
towards the concave lide of the spire, the latter towards the 
oODvex side. While they are simple at their outer ends, the 




chambers of young specimens of all varieties are equitant at their 
inner ends, being produced on either side over the surface of the 
already formed teat, in alar prolongations (cp. Fig. 32). 

As growth proceeds, the chambers become more and more 
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elongated, and the characters of the three main varieties become 
apparent, the shape ultimately assumed depending on the extent 
to which the successive chambers overlap their predecessors at 
either end. 

In one variety, which may be called flaheUifarmis ^ (Fig. 30, d 
and e), the mode of growth changes from the spiral to the recti- 
linear. After the nautiloid stage the chambers lose their equitant 
character, and a series of long chambers is formed, each of which 
slightly exceeds its predecessor at either end. The fan-shaped 
tests here figured are thus produced.^ They attain 2 mm. in their 
greatest diameter. 

The commonest variety may be called variety adunca proper 
(Fig. 30, h). It includes the forms 0. adwnea and 0. arbiculus (F. 
and M. spp.), of which the latter is the young stage of the former. 
Here the spiral mode of growth and the equitant character of the 
inner ends of the chambers are maintained until the test is complete. 
At their outer ends the chambers extend little, if at all, beyond 
the outer ends of their predecessors, and thus build up the abrupt 
prominence in the outline of the test, characteristic of this variety. 

The third main variety is compressa (the 0. compressa of d'Orbigny ). 
In it the chambers cease to be equitant, and increase rapidly in 
length at both ends, being applied to and encircling more and 
more of the margin of the previously formed test. It thus comes 
about that the two ends of the chambers meet, forming a complete 
annulus. Henceforth the mode of growth is continued on the 
annular plan, and the disc-shaped tests represented in Fig. 30, g, 
are produced. In the sample examined the great majority of the 
specifliens of Orbiculina are of the variety adunca. The next 
commonest variety is compressa^ while flaheUifarmis is compara- 
tively scarce. 

This sample consisted in large part of the tests, young and 
old, of Orbiculina^ and in hunting through it a form which did not 
fall into one or other of these varieties in some stage of growth, 
was very rare, the few exceptions being of an intermediate 
character. 

The condition of the central chambers of Orbiculina can only 
be observed in sections. 

Certain large forms of the variety adunca (Fig. 30, B), attaining 
a diameter of 6 mm., and distinguished also by the greater thickness 
of the tests and the much extended alar prolongations of the 

' In the description of Bradjr's figures of Orbiculina the term flabeUiform is 
applied to two varieties — one (Fig. 7) the var. adunca; the other (Fig. 8) an 
exceptional form .intermediate between varieties adunca and compressa. The term 
naturally, however, implies a bilaterally symmetrical test, and I have therefore used 
it as stated above. 

* The cornucopia -shaped test, represented in Plate XIV. Fig. 4 of Brady's 
'* Challenger " Report, is a rare form of this variety in which the increase is still less. 

7 
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chambers, are shown by section to be mvro^hent, though in their 
younger stages the microspheric forms are not readily distinguished 
by external characters. In a set of 38 examples of this variety, 
of such a size that the microspheric forms were not externally 
differentiated, 34 were found, by section, to be megalospheric and 
4 microspheric, a proportion of 1 to 9'5. The diameter attained by 
the megalospheric form of this variety is, in my examples, 4 mm. 




I have failed to find a single microspheric form of the variety 
<x)mpressa; 100 examples, examined in section, belong to the 
megalospheric form. Among 24 examples of the variety Jtabetli- 
formis, however, one appears to be microspheric. 

The diameters of the megalospheres in well-grown specimens 
of the varieties adunca and compressa are as follows : — 
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In fiabelU/ormis the value ot M u less, though the average in 
ay specimens ia not below 61 /i. 

In the microspheric fonn the average value of m in six cases is 
18 fx, the highest being 21 fx, and the lowest 16 /i. 

In the megalosphtTK form the megalosphere is followed by a 
spiral passage reaching round J-j of its circumference, and both 
megalosphere and spiral 
passage frequently ex- 
hibit the perforated con- 
ditio a found in Pentroplu 
{Figs. 31, A, and 32). 
The first of the spiral 
series of chambers is 
usually simple, but it 
frequently opens into its 

■ucceasor by two aper- ' ~ 

tures, and in the second ^,0 ^ 

ihe transverse ribs gener- orM«H»a uikMa. «ntni put of ■ HcUon or a 
any make tneir appear- ^^ !w, mepuo.pW^r'p.r, ipirti puMg.. 
ance^ which, becoming 

more marked in the following chambers, subdivide them into 
chamberleta The chambers also communicate with one another 
by an increasing number of apertures, arranged in several rows 
^ong their peripheral walls. 

In the microspheric form of Orbicalma, as in that of Peneroplia, 
the microsphere opens direct into the first of the spiral series of 
chambers, and in this form there are generally some twenty simple 
chambers communicating by a single aperture before the sub- 
division into cbamberlets begins (Fig. 31, B and b). 

Such are the characters of well-grown specimens of Orbtadina; 
but on examining the construction of the tests of small specimens, 
as displayed in section, a mode of variation of a difi'erent kind 
becomes apparent, one which illustrates the phenomenon of Initial 
Polymorphism described by Munier-Chalmas and Schlumberger 
in Idalina. In the sample of sand which furnished the varieties 
above described were numbers of small megalospheric specimens 
resembling the young of the typical forms (e and / in Fig. 30), 
but beginning in a megalosphere of small size. In the specimen 
represented in Pig. 31, A', the central part of one of these is seen 
in section. Here the megalosphere measures only 34 /i in diameter. 
Associated with the small size of the megalosphere of these forms 
is a long series of single chambers before the subdivision into 
cbamberlets begins. In both characters they thus vary in the 
direction of the microspheric form, though always distinguishable 
from it by the presence of the spiral passage. In Orbieuliiui then, 
as in Idalina, the construction of the early part of the test ia 
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correlated with the size of the megalosphere. If it is small the 
arrangement approaches that of the microspheric form, if large it 
departs more widely from it. 

Another feature met with in some of these stunted forms, 
though by no means in all, is that the subdivision into chamber- 
lets may be incomplete or wholly absent. Sometimes the sub- 
division dies out in the terminal chambers after becoming estab- 
lished in their predecessors ; in others it is absent throughout the 
test. I am inclined to regard these latter forms as examples of 
Orbiculina which have lost their secondary septation by "degenera- 
tion ** rather than as representatives of Peneroplis^ because of the 
existence of the intermediate forms just alluded to, in which the 
subdivision dies out in the terminal chambers, and also because 
they agree so closely in external features with small examples of 
" typical " Orbiculina^ that they cannot be distinguished from them 
by the external characters of the tests.^ 

Four well-marked species are generally included in the genus 
OrbitolUeSy of which three — 0. margiruUis^ duplex, and eamplanata — 
are intimately related to one another, and form a remarkably 
complete series of grades of development, while 0. tenuimma 
stands apart. The three former are inhabitants of the littoral 
zone of tropical and subtropical seas, while the last lives in the 
deeper parts (250-1700 fathoms) of the North Atlantic, from 
which it extends into the Mediterranean. 

In all the annular arrangement of the chambers is assumed 
early in life, the tests have a flattened discoidal shape, and an 
umbo is absent, as the chambers are not equitant at any stage of 
growth. All but the earliest chambers are subdivided into 
chamberlets. 

In 0. marginalis (Lamk.) the chamberlets are generally some- 
what quadrangular when seen on the face of the disc, and the 
chambers they compose have an evenly curved outline. The 
disc consists of a single layer of chambers, and they are throughout 
simply applied to the peripheral margins of their predecessors. 
The radial septa which divide the adjacent chamberlets of an 
annulus from one another are traversed at their peripheral 
border by a canal, which places the chamberlets in communication 
with one another, and the canals of any one annulus may thus be 
regarded (following Carpenter's nomenclature) as composing an 
annular canal. From the canal, as it traverses a septum, a passage 
leads in a radial direction and opens either to the exterior by a 

^ I have not had the opportunity of examining examples of Archicicina^.hvX from 
the figure given by Schlumberger (50, Plate III. Fig. 2) it seems possible that this 
may be a form of variety compressa which has similarly lost the subdivision of its 
chambers. 
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pore at the margin of the disc, or into a chamber of the suc- 
ceeding annulus, as the case may bo. In this species the canals 
all lie in one plane, which is the median plane of the disc (cp. 
Kg. 38, m). 




or llltsr, I IBO ; J 



nlra of inenlogphirlc. 1 



bed<M whtch tollowi the iplnl mode of (frowlh. 'The fl)(ur 
iHt of Iha ondlTtdcd ohunben In Uu twoTornu rapecUrd;, 

The mierwrpAerie form (Fig. 33, B and b). — The microsphere 
opens directly, vithout the interposition of a spiral passage (aa 
appears alvays to be the case in the Peneroplididae), into the 
first chamber. The chambers are arranged at first in a gradually 
expanding spiral, eleven to sixteen simple chambers succeeding 
one another as in the genua Peneroplw, but communicating by 
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single apertures. As the spiral increasea in width the chamben 
become divided into chamberlets, and the number of apertures is 
correspondingly increased, the arrangement at this stage repeating 
that which in the earlier stages of growth is common to aU 
Tiuieties of OrbiaUina, except that there are no alar prolonga- 
tions. When the stage of the spiral 
mode of growth is complete, the 
chambers become successively more 
and more embracing and the annular 
arrangement is attained. 

In the megalospherie form (Figs. 
33, A, and 34) the megalosphere is 
pear-shaped. A spiral passage leads 
from it, and extends round about 
three-quarters of the circumference 
of the megalosphere. As in the casa 
of Pmeroplia and Orbtailina the walls 
of the megalosphere and the spiral 
*''°- ^*- passage may be perforated (Fig, 34). 

.hSrinr'th^'i^"'»t^'*"'ri"S"°iSi The single chambers which follow 
in»g.io.pbtre. ^j.^ Usually only three or four in 

number, and beyond, the chambers become subdivided, and the 
arrangement resembles that of the microspheric form. 

The dimensions of the central chambers in the specimens 
which I have examined are as follows. It will be seen that as in 
Peneroplis those of the megalosphere vary in the samples from 
different localities. 

Nn- ot Elgheat Low«t Artnge 

BpHlrntim ViHie or Vilua of Vilue of 

*Hn]liied. Horn. It or m. Marin. 
Megklospheric — 

rrom Ari|>o (Ceylon) . 43 M/t 24^ 30 fi 

„ W. Indies . 47 78 /i 37;. 61*. 
Microspheric — 

from Ari|>o 17 19ft l&it 17 fi 

,, W. Indies 1 ... ... 18/i 

In Orbitoliies duplex. Carpenter, the arrangement is at first 
sight similar, but the chamberleta are more elongated in a direc- 
tion perpendicular to the face of the disc. Here, again, they are 
in communication by a single annular canal, but the apertures 
which open out of it and lead to the chamberleta of the succeeding 
annulus are disposed obliquely and lie in two planes, one on 
either side of the median plane (cp. Fig. 36, d). There are thus 
in typical specimens two rows of pores at the margin of the 
disc. There is, moreover, a difference in the shape and arrange- 
ment of the chamberlets. Instead of the regularly curved series 
of quadrangular chamberlets which make up the well-m&rked 
annuli of 0. margitiaiU, the chambers (especially those near the 
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oantre of the test) are oval, being elongated in a tangential 
direction, and fall into lioea like those on the back of a watch, 
making what ii known aa the " engine turned " pattern. 




In an example of the microspheric form the microsphere ii 
in diameter, and here again the spiral canal is absent (Fig. 35, B 
and b). There are eleven single chambers before the subdivision 
into chamberlets begins, and then the orbiculino arrangement is 
auumed, to pass in turn into the annular, as in 0. marginalU. 

In the megalospheric form the megalosphere is round or pear- 
thsped, and has an average mean diameter of about 76 /i (the 
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diameters in 108 apecimeng vary between 49 and 110 ^), The 
spiral passage almost encircles the megaloBphere, and ia wider than 
in 0. marffinaiis. Though it sometimes communicates with only a 
single chamber (Fig. 35, A"), there are usually two to five chamber- 
lets into which it opens directly, by as many apertures (Fig. 35, 
A and A"), bo that the peneropline and orbiculine stages are in such 
cases abridged, and the annular arrangement speedily attained. 

In a sample of the tests of 0. duplex from Aripo, all (108 io 
nnmber) were megalospheric. The specimen of the microepberio 
form above described is from Funafuti in the Pacific. 




nwgklofpiwde ludtvJd'ntln (^ priinltiri dlKi) 



In Orhitolties complanala, Lamk. (cp. p. 73), a much greater degree 
of complexity is attained, in that the chambers, which in 0. duplex 
are elongated in a vertical direction, are differentiated into three 
several layers — two layers of superficial chamberlels, one on either 
face of the test, and an inlermediafe layer of columnar spaces lying 
between them (Figs. 36, b, and 38, c). There are here two 
annular canals corresponding to each annulus of chamberlete, 
lying at either end of the columnar spaces in the two strata of 
the test between these and the superficial chamberlets. There 
are abundant communications between the chamberlets, and those 



THE FORAMINIFERA lOS 

at th« periphery open to the exterior by Tertical rows o£ pores 
at the margin of the diK.' 

The Miero^herie F<mn.— The centre of the diac of this form 
ii much thinner than that of the megaloepheric (Fig. 36, a and 6). 
It is often the seat of wcondary growth which occurs towarda the 
end of the vegetative phase, giving rise to a button-like ex- 
erescence and accompanied by absorption of the original central 




a, Luak. CoDtnl 

tli4 riHiploaphnlo 

cnuphrric (l>) foniu, tii tha 

<:irruiaiiiibii^Tit dumber ; II, mcgajo- 
■ phcn : p. jkirtitlon 1 ip.p, iplril [■»>(■ ; 
n, Uc lut u>i<li>ld«d chunlxT nf tbe 



chambers. If this has not occurred an arrangement similar to that 
of the central regions of the microspheric forms of inarginalis and 
Aplex is revealed by section. In two specimens I find that the 
Dlicroephere has a mean diameter of 17 and 18 /x, a spiral 
passage is absent, and seven to eleven single chambers succeed 
the microsphere. These are followed by subdivided chambers, 
continuing the spiral, and the mode of growth then changes to 
the cycliuil as in the other species (Fig. 37, B). 

In some varieties, at least, of this species the microspheric form 
attains a much larger size than the megalospheric (Fig. 36, A 
and B), and the large forms with double and contorted margins, 
described as variety ladniata, Brady, are all, as far as my experience 
goes, microspheric. It seems, indeed, that the peculiarity of the 
margin of this form may be regarded as a provision for supplying 
a larger number of peripheral brood chambers for the accommoda- 
tion of the megalospheric young into which the protoplasm 
becomes divided. 

' For the dcWIi of the itTnctDre, cp, CarpcDtar'i dcMriptloM (6 and 9). 
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The megalospheric form begins in a structure called by^ Carpenter 
the primUive disc (Figs. 36, 37, A, and 38). It coneiBta of (1) 
the megaloaphere, which is pear-shaped (about 107 ft in mean 
diameter); (2) a spiral passage leading from the megaloephere, 
and opening into (3) a largo crescent-shaped chamber, one horn 
of which extends round one side of the megalospbere, and the 
other along the outer side of the spiral passage. It results from 
this arrangement that the outer wall of the latter forms a parti- 
tion (p) disposed perpendicularly to the flattened surface d the 
primitive disc, and separating the spiral passage from the creacentic 
chamber. The partition ends in a free border. The spiral passage 




DUgntn nprmsntlDg the tnniftEon from tha ilinpls ("muslnilJi") to ths complai 
("conipliiwt>''}t/pearDlructunln theirowUiori lab-triiUial In'Ilvlduiil or OrhUeiita mm- 
ftaiala. TbB primitive disc *«] luK the t«t ot * m«*loaptitrfc form in nprsHntsd In 
Hctloo. Tlie letlen F D ue pUcsd beoeath the centre of the prJmlUTe dlK. m. put Dl tcM 
fonnnl on ths noryliuilii tfpt ; d, that rormsd on Uie dijltx type : /. tbiit fonosd on th* 
type or ■ roull rom of 0. Dmplaiiala ; c, that or UietTplal 0, ompIamUa ; of, uinnlir csntia; 
a, coliimnir apMse ; mn. muglmU pona ; r, mdiil aiuli ; K, niiierilcUU chumlnrleti. (Attar 
ChrpeolH, but modiBsd.) 

with the crescentic chamber together compose the circvmamtnent 
ekav^itr of Carpenter. The whole of the peripheral wall of the 
circumambient chamber is perforated by pores opening into the 
innermost chamberlets, which are thus disposed in a complete 
annuluB from the beginning. In some primitive discs there is a 
single row of porea at the margin, in others there are two or 
three rows. In the latter case the three-layered arrangement of 
chamberlets characteristic of 0. complanata is assumed directly; 
while in the former the region of the test immediately surround- 
ing the primitive disc may present varying degrees of development. 
In some (Fig. 38) the rings of chamberlets are at first in single 
series, arranged on the vxarginalis type, and they are succeeded by 
annuli on the duplex type, the three-layered character being 
ultimately assumed. In others the arrangement begins on tha 
duplex type. Here, again, we have examples of initial polymorphitm. 
On comparing the primitive disc of 0. complanata with the 
centre of the teats of the megalospheric forma of the other species, 
it appears that the crescent-shaped chamber of complanata la^y be 
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regarded as an expansion of the end of the spiral passage. In 
those forms of duplex in which the spiral passage communicates 
with more than one chamberlet the end is somewhat expanded. 
An extension of this expansion round the outer side of the spiral 
passage would give rise to the complete crescentic chamber wjiich 
we find in complanata.^ 

Looking back on the series of forms of Peneroplididae hitherto 
examined, a gradual increase in complexity of structure is to be 
observed. We pass from Feneroplis, with undivided chambers dis- 
posed at first on a spiral and often, later, on a rectilinear plan, to 
OrbicuHna^ with subdivided chambers similarly disposed, though in 
one variety of the megalospheric form the annular arrangement 
is assumed. In Orbiioliies marginalis the chambers and pores are 
disposed in a single plane, and in the early stages of growth we 
find arrangements repeating in some of their features those of 
Peneroplis and OrbictUina before the annular arrangement which is 
characteristic of Orbiioliies is arrived at. 0, duplex, with its double 
series of pores, furnishes an intermediate stage to the complex 
three-layered condition of 0. complanaia. 

In his Report on the genus Orbiioliies, Carpenter made this 
series of genera and species the subject of a " Study of the Theory 
of Descent," and laid stress on the remarkable manner in which 
the forms of the simpler members are repeated in the life-history 
of the more complex. When this Report was published (1883) 
attention had only recently been drawn to the phenomenon ojf 
dimorphism in the Foraminifera, and Carpenter does not appear 
to have been aware of the existence of the microspheric forms, as 
constituting a distinct set of individuals. 

On comparing the mode of growth of the microspheric and 
megalospheric forms, we find a contrast between them comparable 
to that presented by the Miliolinidae. While the microspheric 
forms repeat successively the shapes and arrangements of chambers 
which are permanent in other, and in this case, simpler, members 
of the group, in the megalospheric forms these stages are to a 
greater or less extent abridged or altogether omitted. Thus in 
the megalospheric form of Orbiioliies marginalis the peneropline 
series of single chambers which succeeds the spiral canal is fewer 
in number than in the microspheric form, but the orbiculine 
arrangement is well represented. In this form of 0. duplex the 
peneropline condition has almost or entirely disappeared, and the 
orbiculine stage is much abbreviated. In 0. complanaia both 

^ The remarkable fossil form Meandropsina described by Schlumberger (59) 
tLpptan to be related to Orbitolites^ the surface of the disc being covered with a 
layer of chamberlets arranged in a Meandrina-like manner. Schlumberger finda both 
microspheric and megalospheric forms are represented in his specimens. 
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peneropline and orbiculine arrangemente have entirely gone in 
the megaloapheric form. 

We turn now to the other epeciee, commonly included in the 
genus Orbilolites, the 0. Unmssima of Carpenter (Figs. 39 and 40). 

The tests are exceedingly thin (^^ inch), though they may 
attain 30 mm. in diameter. 




OrlUo^iut rrnuisiiruD, Cirp. The camplels UA, x iboul 11, rrom > phoMnikph. 

There are undoubtedly points of similarity in structure be- 
tween this species and 0. marginalis, the simplest of the other 
members of the genus. The annular arrangement succeeds a 
spiral one, and the annuli are divided into chamberlets by septa 
disposed in a manner which is very similar to that found in 0. 
marffinalu, especially in examples from deep water in which the 
radial septa are sometimes incompletely developed. Coming to 
the middle of the test, however, we find ourselves in new country. 
In five specimens a globular central chamber about 31 /i in 
diameter ' occupies the centre, and leading from this is a succession 

' Id thit 6gand to PUta I. Fig. 1 of Qu-peiitcr'i Rtport the central part oT the 
t«lt appein to bave been Irtt blank, without an; inlcntion of dtpicling » central 
Ghamb^ or the alEe ot the blank tpice. The ipecinien here fignnd wai abtuned bjr 
the TraraUltJir id the Bay of Bimay, anJ I am indebted to the aiithoritiei of the 
Britiiih Muieum for the opportunity of giving a photograph of it. The central 
chamber measures 30 x 31 ;<:. In the lour other tpecimeus in which I have been able 
to obtain evidence of the site of the central chamber, it appears to be about the 
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of narrow elongated chambers, wound in a planospiral 1 
about the central chamber in some 7-8 coDvolutiouB. The lengths 
of the several chamberB vary from 2J convolutions to ^ of a con- 
volution of the spiral. The arrangement and mode of communi- 
Ofttion of the chambers recalls the irregular apiroloculine testa of 
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C^pJUAuImuftum (Fig. 41). Ab the five specimens have an approxi- 
nutely similar arrangement, it is probable that the form we are 
dealing with is megalospheric, though the size of the megalosphere 
la small. 

When comparing the central regions of 0. mar^wsXis (megalo- 
■pheric) with those of 0. Um,u%mma, Carpenter regarded the spiral 
passage of the former as representing " the whole of the original 
'apiroloculine' coil, drawn up into itself" (p. 24). The difficulty, 
however, of recognising the long apiroloculine (or O^HhAmidvAm- 
like) coil of (enuunma in any of the modifications of the spiral 
e met with in the other species of the genus OrbUolUei a ao 
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great that we are led to doubt whether totuiutina ia really allied 
to them. On the other hand, the resem- 
blance of the inner chambera of fmuMwrta to 
OpU^rntiiiwm, a member of the Hauerinidae, 
suggests that it may be derived from this 
family, and have acquired the cyclical mode 
of growth independently. The acceptance 
of this view is perhaps rendered easier by 
the existence of another group, the Ojwr- 
ealina-Cydodypeus series, in the higher mem- 
bers of which the annular mode of growth 
is likewise attained (see p. 128). It seems 
at any rate worth while to entertain the 
possibility of this explanation, before ac- pj^j ^15*^""""' ^'^*^' 
cepting a conclusion so damaging to a body 

of evidence which may be found, if duly considered, to furnish 
the clue to many complicated problems of relationship.' 

Family Mveolinidas, — Tbs genua Mveolina which represents 
this family contains a number of recent and fossil forms which 
appear to branch off from the Miliolid stock in the neighbourhood 
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of the genUB Orbicvlina. They are char- 
iicterised by elongation of the chambers 
in a plane at right angles to that in 
ivhich 'hey are developed to fonn the 
disc-shaped test^ of OrbUolUes — that is, 
in the direction of the axis of the spire. The result is the 
formationof a series of oblate, spherical, ovoid ^Fig. 42, b), fusiform, 
and cylindrical (Fig. 42, a) tests, each chamber extending beyond 
its predecessors laterally to a greater or less extent, and thus 
increasing the axial length of the test The chambers are short 
in the direction of the plane of the spire, and subdivided into 
chamberlets by vertical septa lying parallel with that plane. In 

< It would parhkpi be premtture, while we an not yet acquainted with the two 
forau of leauUtima, to ilteT it* aystemttic poaition, but ahould thia ilew or ita n- 
UUonship be conflrmed, it must be aepinted u ■ diatiact genus to which the Dune 
OgdppfiOMliiudiiim might be girni. 
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the recent Alveolina boscii the chambers are further subdivided by 
horizontal septa. 

Schlumberger states (51) that Munier-Chalmas has recognised 
the phenomenon of dimorphism in a fossil Alvedina, of which the 
microBpheric form is distinguished by a very small central chamber 
■orrounded by five simple chambers, which are not subdivided. 
It would appear, therefore, that a peneropline stage is represented 
also in the development of the microspheric form of this genus. 
In specimens of the megalospheric form of A. boscii I find the 
central chamber to be ovoid and to measure about 150 ft in lonsr 
diameter. 

Life-histories and nuclear characters of the MilioLidea. 

Direct observations on this head are very scanty. 

In Ccmuspira^ as we have seen (p. 74), the megalospheric 
form may give rise to megalospheric young, and the same event 
has occurred in a specimen of a Milioline form (? Quinquelocvlina) in 
my possession. In this case the megalosphere of the parent was 
only 30 ft in diameter, and those of the young varied from 20 to 
43 fu Schlumberger (49) and Schaudinn (42) have also described 
the production of broods of young, which were evidently megalo- 
spheric, in the Miliolinidae (the latter author in Quinqybetoculina 
MmtnuZum, L.), but the nature of the parent is not indicated. In 
these Miliolinidae it appears that the division of the protoplasm to 
form the young may occur within the parent test or outside it. 

The production of megalospheric young by the breaking up, 
within the test^ of the protoplasm of a megalospheric parent, had 
occurred in a specimen of Peneroplis described by Schacko (39) ; 
and in this case the young, consisting of the central chamber and 
spiral passage, resemble in size and shape the corresponding parts 
of the parent. Btitschli (7) has found a single nucleus in two 
specimens of Peneroplis^ and 1 8-20 in another. In all three cases 
the parents were megalospheric, and in the last we may suppose 
that the division of the nucleus had occurred preparatory appar- 
ently to the production of a brood of megalospheric young, as in 
the cases of IHscorHna and Patellina (see p. 123). 

Of the genus Orbiiolites our knowledge is somewhat fuller. 

I have a specimen of the megalospheric form of 0, marginalis 
in which the two or three peripheral annuli contain young, con- 
aiflting of the megalosphere and spiral passage. The chambers 
containing them are in this case not different from the ordinary 
marginal chambers. 

A specimen described by Semper (63) appears to have belonged 
to 0. duplex, and this also is a megalospheric parent with megalo- 
spheric young. He mentions that the chambers containing them 
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were "ziemlich viel grosser" than those internal to them, and 
thus it may be the case that in this as in other characters 0, dvplex 
is intermediate between marginalis and camjdanata. 

In 0, complanaia the microspheric forms known as var. ladniata 
produce megalospheric young. The double convoluted margins 
of this variety are not completely subdivided into chamberlets as 
are the more central regions of the disc, but^ in part at least, con- 
tain spacious chambers extending through the thickness of the 
disc, and round a large part of the periphery. Into these (as well 
as into similar large chambers in the secondary growths formed on 
the surface of the disc) the protoplasm withdraws, at the reproduc- 
tive phase, from the whole central region of the original test, and 
becomes divided up into young megalospheric forms, which are 
liberated by the breaking down of the limiting walls. This mode 
of reproduction in 0. complancUa was first described by Brady (4), 
though he was not aware of the full significance of his observation, 
and afterwards by myself (20). In Fig. 36, h, a form with a simple 
margin is seen bearing megalospheric young. 

The megalospheric form of 0. complanaia may also, as we have 
seen (p. 74), give rise to a brood of young of the same nature, 
but there can be no doubt that a phase recurs in the cycle of the 
life-history in which, as in Polyshmellay zoospores are produced. 

The microspheric form of 0. complanaia has, scattered through 
its protoplasm, large numbers of rounded nuclei, which may fre- 
quently be found constricted as though in process of simple 
division. In the megalospheric form a large nucleus may often be 
found throughout the greater part of the life lying in the primitive 
disc, and thus, as already pointed out (p. 71), at the central part 
of the protoplasm (20). 

CalcUuha polymorpha appears to be a degenerate member of the 
Miliolid stock. Its life-history, as exhibited in aquaria, has been 
investigated by Schaudinn (46). It forms wide adherent expan- 
sions on the surface of foliaceous algae on which it feeds, spreading 
in irregular annular patches — like fairy rings. The colony may 
begin as a spherical central chamber with a spiral passage leading 
from it — the form which occurs so frequently at the centre of the 
megalospheric tests of the compact Miliolidea. From such a centre 
branching offsets extend in a radial direction over the algal sub- 
stratum, and as this is disintegrated by the organism feeding on 
it, the central regions, left unsupported, may fall away, while the 
margins spread in the annular fashion described. The portions 
which so fall may start a similar colony forthwith, or their proto- 
plasm may break up into small portions (1-20) of varying size, 
which at first crawl about as naked masses, and later, on initiating 
a new colony, may secrete the Miliolid form of test mentioned 
above. 
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The walls are chitinous tubes with a calcareous deposit. They 
»re imperfectly divided into chambers, and are not perforated. A 
flagellate Btage did not come under observation. The protoplaam 
contains large numbers of amall nucleL 

OftDKR T«xtnIaiidBa. 

This order contains a number of genera which are excellent 
•xamples of the multiform (biformed and triformed) condition of 
tiie test. 

The arrangement which has been regarded aa typical of the genus 
TettiAma is one with two rows of alternating chambers, but Schubert 
baa recently drawn attention to the fact (65) that many, if not 
alt the forms included in it, are biformed, some having the earlier 




IB mlcraphflria fbnn, 
ipMlnian* italned, ud 



chambers arranged in a planospiral, others in a rotaloid, and others 
again in a triserial manner, before the characteristic biseria) arrange- 
mentisassumed. Thus "TtXLviarvi" 5ajriffufa,Def.,beginsasSchubert 
states, and as I have also had occasion to observe, in a planospiral 
series of chambers, the arrangement being, in fact, that character- 
istic of the genus SpiropUda. Out of a batch of 63 specimens of 
this species collected at Plymouth in the month of July, I found 67 
to be megalospheric, and 6 microspheric, a proportion of 9 to I. 
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Id the tnunupAerte form (Fig. 43, B and b) m=16-18 /i, and is 
followed by some five or six chambers arranged in a spiral before 
the alternating arrangement ia auumed. One specimen contains 
at least 13 nuclei. 

In the megaio^herie form (Fig. 43, A), the average mean dia- 
meter of the megalosphere is about 60 /t (the limits of those 
measured were 44 and 72 n). The initial spiral is here somewhat 
shorter, consisting of four chambers. A single large nucleus is 
seen in these specimens some distance along the alternating set of 
chambers. 

The spiral arrangement of the early chambers is much more 
conspicuous in Spiropleeta annedens, F. and J. (Fig. 44, A, B, and b). 




What appears to be the megalospheric form of this species has 
long been known as a Cretaceous fossil. The species occurs at the 
present day round the coasts of Australia, and has been recognised 
in sand from the Malay Archipelago by Mr. F. W. Millett (24, 
Part Vn., 1900), to whom I am indebted for calling my attention 
to the evidence of dimorphism in this species, and for the of^r- 
tunity of examining the specimens from which the following details 
are given. 

Among six specimens of the megalosphenc form (Fig. 44, A), the 
average value of 3f = 60 n (the limits of variation are 63 and 71 /i), 
and one nearly complete spiral whorl of chambers intervenes before 
the straight and biserial part of the test begins. 

The micmpheric form attains a larger size. Among 16 speci- 
mens, the average value of m ss 1 7 /• (the limits being 1 1 and 20 ^}, 
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and 2J-3f whorls of chambers arranged in a spiral form the 
earlier part of the test. The later, straight part is much longer 
than in the megalospheric form, and in both forms the biserial 
arrangement may give place to a uniserial one at the end. 

The characters of other genera of this family are indicated in 
the table of classification, and some of them are represented in 
Fig. 44, C-E, and Fig. 54. 

Order GhilostomelUdea. 
I am not avare of nny record of dimorphism in this order. 

Ordkr Lagenidea. 

Schlumberger has found representatives of both generations 

in Nodosaria (Denialina) ipUUfera and Ncxlosaria Awptrfa, the megalo- 

■pfaeric forms beginning in a large initial chamber (Fig. 45, A), 

larger than that which succeeds it, and having only five or six 




chambers in all ; the microspheric having a larger number of 
chambers, and tapering gradually to a fine point at which the 
little microsphere is situated. In such tests the phenomenon of 
dimorphism is presented in the simplest possible form. 

Fornasini (15) has shown that Frondtcularia (Fig. 45, C) is 
dimorphic. 

The monothalamoue Lagenidae often present a great resem- 
blance to the eingle chambers of Nodosaria, but the nature of the 
relation between the two groups is obscure. Neumayr derives the 
former from the latter by degeneration ; Rhumbler, by the falling 
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apart of the chambers. A remarkable feature of some Lagenidaa ii 
the " entosolenian " condition in which the tubular neck is, as it 
vere, inverted into the interior of the jtest (Fig. 46, V). A. limilar 
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inverted neck is found in Cymbatopora, and occaaionally in JMf- 
nwrpkina (3, pp. 658 and 638). 

The ohBervationB of Buitotb and Holland (5) on CViiM. 
laria gibha, and C. fiaiypUwa appear to show (though no 
measurements are given) that the authors have found dimorphio 
forms of CVuMIano. In C. cmomarui, Schacko (40) c' 
form which, he suggests, is micro- 
spheric, having a central chamber 
measuring 40 ^ white 3f = 76 ^ 
In the specimen of C. erepidvia 
shown in Fig. 47, however, the 
size of the young chambers (which ,' 
we may suppose to be megalo- ■, 
spheres) varies much, and the 
smallest appear to measure about 
40 /I in diameter; and as this 
measurement is rather large for 
the size of a microsphere, the mi- 
crospheric character of Scbacko'a 
specimen is, at least, open to 
doubt. 

The genus Pdyraorphina is 

remarkable for the fistulose -^ -. -,- 

branching processes which are x«l*<A(tRBnd7.} 

developed in the later stages of 

the growth of the test. What relations these may have to the 

life-history has not been detennined (Fig. 46, e and d). 
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Schlumberger has abown (60) that in ^pkoqmeriiaa glalra 
the microapberic form tapera to a point at the initial end, and has 
9-10 chamben arranged alternately before the uniserial mode of 
growth ia assumed ; while the megalospberic form ie short, begins 
abruptly with a large oentral chamber, and has only three alternat- 
ing chambers prior to the uniserial chambers. 

Ordkb OloUserinideft. 

In this group, as defined by Brady, the tests consist of a few 
inSated chambers arranged in a spiral manner. The members of 
it inhabit the surface waters of the ocean, fumiabing an important 




eonstitueut of the pelagic fauna ; and their empty shells, falling to 
the bottom, form the main constituent of the "Globigerina ooze" 
(see p. 136). 

Globigerina btUloides, d'Orb. (Fig. 49), the moat abundant species 
of the genus, has globular chambers forming a "rotaline" teat, 
each opening by a separate orifice into the deep umbilical space 
on the "inferior"' surface. The chambers increase rapidly in 
aiae, as the series is followed, and there are three or four in the 
terminal convolution. 

The walls of the chambers are perforated by pores, and 
at first are thin and smooth. As the ^ell increases in tbickneas, 
' Sm ths cbaneten of Rotalldae, p. 140. 
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it generally becomes areolated on the surface, the deposit being 
greatest between the pores, so that these open into cup-shaped 
depressions, separated by ridges. In many, but not all pelagic 
specimens the shell is produced on all sides into radiating cylindri- 
cal spines which spring from the points where the ridges meet, 
and may exceed the diameter of the shell in length.^ 

A large proportion of the individuals, which in their earlier 
stages conform to the type of OloHgerina buUaides, complete their 
growth under this form ; but for others a different future is in 
store. Having attained a size which may be equal to that of the 
full-grown test of the other specimens, or may fall considerably 
short of it, these secrete a large spherical chamber which usually 
encloses the whole of the previously formed test, and is frequently 
more than double its diameter (Fig. 49, right-hand cut). The 
enclosed test is usually only connected with the investing wall at 
the points where its spines meet the wall and unite with it. 
The investing chamber is perforated by large pores, with a 
diameter of from 13-21 fi, as well as by minute pores (5-6 /a). 
The specimens which form the spherical chamber have been 
given the generic name Orbtdina. It will be convenient to use the 
terms Orbulina chamber, and Olobigerina chambers for the invest- 
ing and the invested chambers respectively. 

Unlike the Foraminifera which creep over the sea-bottom, the 
pelagic Olobigerinae may be found invested with a vacuolated 
covering which is in part gelatinous (38, p. 6), though traversed 
by radiating pseudopodia which project beyond it. This en- 
velops the whole shell and the bases of the spines, and has a 
spherical contour. It is probable that the Orbulina chamber is 
secreted at the surface of this vacuolated mass. A similar cover- 
ing may be found investing the Orbulina shell in the later phases 
of the life-history. 

As in the free Olobigerina, the outer surface of the Orbulina 
chamber is beset with spines, which vary greatly in length, and 
specimens have been found, though rarely, the surface of which is 
areolated by ridges as in Glohigerina, These have been separated 
under a distinct name — 0, porosa, Terquem. 

Rhumbler finds that, in pelagic specimens, the Globigerina 
chambers are always present within the Orbulina shell, though, 

* Sir John Murray thus describes the appearance of the living animal : ** In 
Olobigerina bitUoides (hirsuta) and aequUatercUia the yellow • orange colour of the 
Barcode is due to the presence of numerous oval-shaped xanthiditu or * yellow cells,' 
similar to those found in the Radiolaria. When the sarcode with these * yellow 
cells ' flows out of the foramina, and mounts between the numerous spines outside 
the shell, the whole presents a very striking object under the microscope ; the trans- 
parent sarcode can be seen running up and down the long silk-like spines, and the 
' yellow cells ' seated at the base of these spines quite obscure the body of the shell." 
— iVa<. Scitnu, July 1897, p. 20. 
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owing probably to the solvent action of the sea-water, they are 
often reduced to fragments, or absent in bottom specimens. 

The Oldbigerina chambers contained in the Orbulina shell differ 
from the free Olobigerina btdloides in no respect, except in the ex- 
treme thinness of their walls, and Rhumbler (38) is inclined to 
separate the thin-walled shells hitherto classed under that species 
as the young stages of Orbulina imiversa^ d'Orb. Rhumbler also 
points out, however, that in Glohigerina buUaides, var. triloba, Heuss, 
which is characterised by the large size of the three last chambers, 
but not by the thinness of the shell, all variations are found be- 
tween a terminal chamber which is folded back on its predecessor, 
and one which completely envelops the other chambers, as in 
Orbulina, The existence of these transitional forms in a variety 
with a shell of the usual thickness raises the question whether the 
Olobigerina chambers enclosed in the Orbulina shell were so thin 
when free, or owe their thinness to the action of the protoplasm 
after their enclosure. 

However this may be, we have the fact that some specimens 
classed as Olobigerina bulloides end their individual existence in the 
OlobffiHnd form, while other specimens, little or not at all distin- 
guishad from them in the early part of their growth, become en- 
veloped by an Orbulina shell. These have been classed under a 
separate genus as Orbulina universa. The close resemblance between 
these two sets of specimens in the early stages of growth, and also 
between the Orbulina shell and that of the free Olobigerina, in the 
varying development of the spines and the surface sculpture, 
strongly suggests that there is some more intimate relationship 
between them than that of allied genera, but what its precise 
nature may be is still very obscure. 

A large inflated terminal chamber is also found in Cymbalopora 
buUoideSf and in the littoral Pulvinulina lateralis, Terquem, and 
these, like the Orbulina chamber, are also perforated by large 
pores. Cymbalopora was taken in numbers by the Challenger, 
as a pelagic form, in the neighbourhood of coral reefs, and, 
according to Murray, every shell was filled with minute monadi- 
form bodies.^ This observation would suggest that the inflated 
ehamber may go with the megalospheric form, bujb though 
Bhumbler finds a single large nucleus in all the specimens of 
Orbulina he examined, the same was true of the free Olobigerinae. 
The size of the central chamber of the included test of Orbulina 
varies, according to Schacko (39), from 16-23 fi in diameter, 
while in the free Olobigerina it varies from 7-20 /a. Neither in 
the size of the central chamber, nor in the character of the nuclei, 
therefore, have we at present direct evidence for dimorphism 
among these animals. As to the modes of reproduction of Olobi- 

^ Brady (3), p. 639, footnote. 
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9>nna or OrWtna' almost nothing of a definite chancter ii 
Imown.^ 

Ordkr BotalidMk 

Schlumberger haa found Roii^ma pkuroOomata, ScUumb. 
( = i'v/vtnWtnn partichiana, d'Orb.)i to be dimorphic (Bl), and I 
have found the same in Eotalia becearii, Linn. Among senn 
examples of this species six were megaloapheric, and one mioro- 
spheric In these ^= 66 /« (limits of variation 37 and 66 /i), and 




in from the ni|>«lor (a) uul In 



Dr (b) larfiiM*. oii, tpertun. 



0t=13/i. There appears to be no difierence in the mode of 
arrangement of the chambers in the two forms, but the nuclear 
cbnracters agree with those of Polysiomdla. I have observed the 
production of a brood of megaloapheric young by a microspheric 
parent of this species, the process agreeing with that described in 
Polyatoraella <20, p. 436). 

Similarly in L'alcarma hispida, Brady, M= 49 /t (limits of varia- 
tion in twelve examples 39 and 59 ^), m- 13 /t (limits 12 and 
H fi), and here, again, I found a microspheric specimen with 
megaloapheric young, which in this case were contained within 
the parent shell. 

The rose-coloured adherent testa of PUytrema are common on 
coral and other objects from tropical and euh-tropical shores. 
They may be depressed and encrusting, but frequently rise from 
an expanded base into arborescent forms. They are built up for 
the most part of numerous successive laminae of hard perforated 
shell substance, produced inwards at short intervals into hollow 
pillars (Fig. 51, a, p), which are connected with the underlying 
shell lamina. The openings of the pillars of the superficial layer 
' The ftuit that the Orbulina chamber In fonnad in tht later atagei of groTrth ol 
the individuil, which in its cu-lier >tag«i formed tbe enclosed Qlobi^erini chambers, 
wai fint deSiiltel; stated by Rhumbler (34). Ths view had, however, been preriousl; 
suggested by Mijor Oweo (32, p. 147). 
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give rise to the deep pitting of the surface from which the genus 
11 named. Except in the early stages of growth there is no sub- 
division of the test into definite chambers. The protoplasm is 
contained between the laminae, and in irregular spaces which 
occupy the axes of the branches; it communicates with the 
exterior by the numerous perforations in the laminae, and at the 
ends of the branches where the axial spaces open widely. Their 
mouths are often beset with sponge spicules, which appear to be 
used as a temporary scaffolding for the support of the extended 
pseudopodia, in advance of the proper wall. 

At the base, however, in contact with, or close to, the object 
to which the Poltfirema adheres, a spiral group of chambers is found 
— the initial stage of the test (Fig. 51, a, i2, and b and c). These 
initial chambers have the thick coarsely perforated walls, the 
abundant chitinous element, and the spiral arrangement character- 
istic of the order Rotalidea. 

In ten specimens of the megcUospheric form, I find that M varies 
from 110 to 29 /a, its average value being 51 /a. In these 
specimens there are generally three chambers, following the 
megalosphere, arranged in a simple spiral (Fig. 51, c); the fourth 
chamber usually communicates by apertures with two or more 
chambers, and after this the arrangement becomes more and more 
irregular, all distinction between the chambers and connecting 
passages is gradually lost, and the laminate structure of the test is 
attained. 

I have not happened to meet with specimens of the microspherie 
form, but this has been described by Merkel (23) ^ who finds that 
the microsphere (size not given) is succeeded by a regular spiral 
of some eleven chambers, before the chambers assume the irregular 
transitional character. 

In some cases the spiral of initial chambers is separated from 
the supporting object by a layer of small chambers of the irregular 
transitional form, and Schlumberger (56) has found in sand from 
the Azores small examples of the megalospheric form as free 
globular tests, consisting of the large initial chambers invested on 
all sides with a layer of small ones. It is evident, therefore, that 
Polytrema may pass through a more or less prolonged period of 
free life before it becomes adherent. 

Merkel found the nuclear condition to agree with that of 
Pdystamella, three examples of the megalospheric form containing a 
single large nucleus lying in the megalosphere or an adjoining 
chamber, while in one of the microspherie form four nuclei were 
counted. 

^ In the megalospheric fonn, Merkel describes the megalosphere as communicat- 
ing directly with some three of the surrounding chambers — a condition which I have 
Bot met with. 
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I'olytrema was associated by the earlier Daturalista with various 
aniioats claesed aa " zoophytes," and was included by Pallas and 
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Max Schultze was the first to demonstrate the spiral arrangement 
of the early chambers, and its dimorphic character was shown, as 
we have seen, by Merkel. 

The life -histories of Fatellina corrugaia^ Will, and Discorbina 
globulaiis, d'Orb., as exhibited by specimens living in aquaria, have 
been investigated by Schaudinn (45). Ordinarily the protoplasm 
contains many granules which, during life, obscure the nuclei, but 
by excluding animal food, and limiting the diet to the diatoms 
growing on the sides of the vessels, Schaudinn succeeded in ren- 
dering the nuclei visible, so that their changes could be followed 
in the living animal. 

The form of reproduction observed was that comparable 
with the production of broods of megalospheric young by a 
megalospheric parent, and Schaudinn's account of the changes 
which the nuclei undergo is the fullest which we yet have of their 
behaviour in this phase of the life-history of the Foraminifera. 

All the specimens which came under notice contained a single 
nucleus in their early stages. As the reproductive phase approached 
the nucleus became segregated into a number of parts (usually 
7-10), which were dispersed in the protoplasm, and in some cases 
became subdivided by a similar process, so that there may be as 
many as 30 nuclei of unequal sizes. The protoplasm becomes 
divided up about the nuclei into masses proportional to them in 
size, and the young thus produced repeat in turn the same cycle 
of development. In Discarbina the division to form the young 
occurs within the parent test, from which they escape by the 
resorption of its walls. In Patellina it occurs in the large umbilical 
space, t.e. outside the parent test. Schaudinn is inclined to the con- 
clusion that in these species the stage in which zoospores are pro- 
duced has been lost from the life-history, and that reproduction 
takes place only in the manner described. Thus he regards these 
species as having been originally dimorphic, but now monomorphic. 

I have measured the central chambers of a number of stained 
and mounted specimens of Discorbina globtdaris collected from the 
seashore, and the results are shown in Fig. 52. It will be noticed 
that in this species the central chamber is on the whole remarkably 
small. In the great majority it varies in size from 12 to 31 /i, the 
average of 159 specimens being 19 /x. In one case it was only 
9 /A in diameter. 

In this species the chitinous element of the shell is very 
abundant, and forms an obstacle to the penetration of staining 
reagents, but 54 of these specimens afford an indication of the 
nuclear condition. In 48, including two with a central chamber 
16 fb in diameter, a single nucleus is present, and in one of the 
remainder a large nucleus is killed in the process of breaking up 
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into fragments. In the Bpecimen, the centnl chamber of whiefa 
meaauree 9 /x iq diametor, 6 nuclei are clearly seen. In the 4 
remaining multinuclear apecimene the mean diameten of the 
central chambers are 22, 18, 12, and 12 fi. 

Now it is possible that all these examples of i>Mcor5ma belong 
to a single series illustrating the phases of the life-history which 
Schaudinn has followed in aquaria, but the coincidence of tJie 
occurrence of the multinuclear condition with the very small 
central chamber, 9 /< in diameter, suggests that Dueorbina ia, like 
iU allies, a dimorphic form. On this view we may regard the 
specimens with a single nucleus as megalospheric, and the specimen 
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IHicvrMw stdbularii. d'Orb. 

with (at least) 6 nuclei and a central chamber 9 ft in diameter as 
microspheric. The remaining multinuclear specimens may consist 
of megalospheric individuals, the nucleus of which is breaking up 
prior to reproduction, or of microspheric individuals with a larger 
microsphere, or, and more probably, of both kinds. 

On this view the form of reproduction which Schaudinn 
described in Discorbiaa is the production of megalospheric yoang 
by a megalospheric parent which is, as we have seen, of frequent 
occurrence in other genera. 

The formation of zoospores by the megalospheric parent was 
not observed among the specimens kept in aquaria, but we are 
still at liberty to suppose that this phase of the life-history may 
occur in the natural state. 

Truncaluiitia lobalula, W. and J., affords another instance of the 
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•pproxinution of the megaloephere to the sue of the microsphere, 
^na in 13 examples I found 12 to be megalospheric and 
the value of if to be, on an average, 28 /i, varying from 36 
to 16 ;«. The other specimen is microspheric, and ni=ll ^ 
The nuclear characters corresponded to those described in Poly- 
jtoMlIa (20). 

Platlogamif. — This remarkable and little understood process 
which has been observed in other groups of Frotosoa was found 
by Schaudinn to be frequently associated with the reproduction of 
Paidlina and Dtacorbina. In the former the peeudopodia of two in- 
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dividuals that have come, apparently by chance, into juztapoeition 
fuse, and form a uniting band which increases in thickness until 
all the extruded protoplasm is involved in it, and the teste are 
drawn close together. The nucleus in each meanwhile divides in 
the manner above described. Gradually the protoplasm of both 
emerges into the space between the bases of the approximated 
tests and the surface to which they are attached, and then, as in 
the reproduction of a single individual, divides up about the nuclei 
to form a brood of young (Fig. 63). As many as five individuals 
may thus unite. In no case did Schaudinn observe any fusion 
between the original nuclei or the fragmenta into which they 
divided. He also found that the process only occurred when the 
nuclei of the individuals which met were in the same phase of 
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development ; thus a one-nucleated individual and an individual 
whoBo imcIeuB had begun to divide would not unite. 

In Disforbina a similar process was observed ; but in this case the 
two individuala came together 
base to base, and the pair 
wandered about for a consider- 
able time before the young 
were produced. In some cases 
u deposit of lime between the 
opposed bases occurred in the 
interval, so that after the escape 
of the young the empty parent 
shells remained united together. The 
lemarkable pairs of shells which have 
been observed in Discorhijui, TesUalMia, 
and JiiUmina (Fig, 54) are, probably, 
thus explained. 

Ordkr Hummnlitidea. 
The members of this order are dis- 
Kioiii Hpaci. tin^ished by their bilaterally sym- 

iiiBiifl KinuLy given rne bj Mr. U. ^., i.i- » i 

sideboitoMi. metrical tests, which in the early stages 

or throughout growth are arranged 
on the spiral plan ; by the double character of the septa between 
the chambers, containing branches of the highly developed canal 
system interposed between the laminae; by their hard perforated 
walls; and by the slit-like aperture (subdivided in Folyslomella) 
situated between the inner margin of the septum and the wall of 
the previous convolution. 

The structure of Pdystomella is described above (pp. 63 et seq.). 
Notiionina is a simpler form of the same type, characterised by the 
scantiness of the umbilical deposit, the absence of retral processes, 
and the fact that the aperture is not subdivided into pores, as in 
Pdyilomella, but romains a simple slit. 

Ampki^egina is transitional in structure between the Rotalidea 
and Nummulitidea ; it has simple septa, and the test is not truly 
symmetrical, the spire being (as in the Rotalidea) slightly belicoid 
und the aperture on one (the " inferior ") side of the median plane. 
In the marked development of the alar prolongations it approaches 
the genus Nummuliles. 

In Operculiiui (Fig. 55) the chambers are simple and disposed in 
an expanding spiral, some three or four convolutions completing the 
test. The earlier chambers are produced to a greater or less 
extent into alar prolongations, and thus a boss-like umbo Is formed 
at the centre ; but the later chambers are simply applied to the 
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margin of the previoiu convolution, and have a large radial extent. 
The aperture is crescentic and undivided, but is supplemented 
by pores distributed along the 
septum. 

The canal system is highly 
developed, a plexus of canals, 
in connection with the meri- 
dional vessels, running in a 
keel 'like thickening at the 
outer rim of the test. 

A sample of sand obtained 
by Mr. J. Stanley Gardiner 
from Suvadiva in the Maldive 
Archipelago consists for the 
moat part of the testa of Ofcr- 
cdirta eomplanata and Hetero- 
ttegina depnsia, d'Orb. Of the 
former I have found two speci- 
mens of the mierospherie form, 
in both of which m=27 fi, and 
tlie second chamber is very 
minute (Fig. 66, B). 

In five specimens of the meg- 
alospheric form the values of 
M vary from 46 to 63 /i and 
have an average of 64 fu 

I have not observed that 
the tests of the two forms of 
this species are distinguished 
by a difference in size. 

In NummidUei the chambers are of very small extent in a 
radial direction (Fig. 6), so that each convolution adds little to the 
diameter of the test, and the outline of the latter is nearly circular. 
The number of the convolutions is however very large. The 
alar prolongations, on the other hand, are highly developed, and 
extend nearly to the centre. As the chambers of each successive 
convolution are thus produced, the result is that the testai are 
strongly biconvex, the spiral axis measuring from one-third to 
three-quarters of the diameter. The alar prolongations of the 
chambOTB may be directed straight towards the spiral axis (radiate 
type) or take a sinuous course (sinuate type), or they may be 
replaced by a number of separate chamberleta forming when 
exposed in worn specimens a network over the surface (reticu- 
late type). The aperture and canal system resemble thoee of 
Operadma. 

The mioroepheric form attains, as we have seen, a much 
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greater size than the megalospheric (Fig. 5). I am not aware of 
any record of the actual size of the microsphere. 

In the megalospheric forms M. is very large, attaining in some 
cases 1 mm. 

While Operctdina is closely connected on the one hand with 
NummuliieSf it forms, on the other, the simplest term of a series 
— Operculinaf Heterostegina, Cycloclypeus, which presents among 
the Nummulitidea a remarkably complete parallel to the Penerqplis, 
Orbiculina, Orbiiolites series in the Miliolidea. 

In Heterostegina (Fig. 56) the arrangement of the chambers is 
spiral, though they become somewhat more embracing as age 
advances. The chambers which are first formed are simple, as 
in Operculina, but they soon become subdivided by partitions which 
are disposed perpendicularly to the plane of the spiral, and, on the 
whole, transverse to the long diameter of the chambers. The 
chambers are thus subdivided into more or less quadrangolar 
chamberlets. As in Operctdina^ the chambers of the inner eonyoln- 
tions are produced into alar prolongations (which are, howeyar, 
not subdivided into chamberlets), while the later chambers are 
simply applied to the edge of the preceding convolution. The 
arrangement thus presents considerable resemblance to that of 
Orbiculina, but in addition to the presence of the canal system, 
perforate walls, and double septa, there is also a marked difference 
in the mode of communication of the chamberlets, for here the 
adjacent chamberlets of a chamber do not communicate directly 
with one another, but each communicates as a rule with two 
chamberlets of the preceding and with two of the succeeding 
chambers. (These communications are not displayed in the 
sections figured, but may be readily seen in the protoplasmic 
casts of decalcified specimens.) 

The canal system is well developed and resembles that of 
Operculinaj a marginal plexus being present here also. 

In the sample of sand from the Maldive Islands, above men- 
tioned, the great majority of the specimens of Heierodegvna range 
from a small size up to about 4 mm. in their larger diameter (Fig. 
56, A), but a few far exceed the rest, attaining a diameter of 10 
or more mm. (Fig. 56, B). I am unable to recognise any differ- 
ence in the external appearance of the two forms, beyond that 
in size, and the peculiar shape of the large specimens caused 
by the greater width of the terminal convolution. On making 
sections of the tests it is found that the large specimens are 
microspheric and the smaller ones megalospheric. 

In two specimens of the former m= 27 /x in both, and a spiral 
of some 36 simple chambers succeeds before the septa appear, 
dividing the chambers into chamberlets (Fig. 56, B'). 

In the megalospheric form M varies in four cases from 70 to 
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80 /i, and the number of single chambers is 9 to 12. In some 
cases the chamber which succeeds the megalosphere is consider- 
ably larger than those which immediately follow (Fig. 56, A'). 

We thus have in this sand from the Maldives a difiference in 
size between the two forms of Heterostegina similar to that found 
in the Nummulitic formations of the Eocene period.^ 

In the third genus of the series, represented by the species 
Cydodypeus carpenieri, the great majority of the individuals do not 
exceed 12 mm. in diameter, but some attain the large size of 
64 mm. 

It is very probable, from analogy with other genera, that the 
specimens which attain the large size are microspheric ; those of 
smaller size are, in the specimens which I have examined, megalo- 
spheric. 

The only specimen (Figs. 57, B, and 58) of the microspheric form 
which I have examined is a section.^ In it the microsphere 
measures 29 ft, and is followed by 9 single chambers arranged 
in a spiral. The chambers then become subdivided, as in 
Heterostegina, After being disposed at first in a spiral, they 
gradually extend round a larger and larger part of the circum- 
ference of the test until they completely encircle it, and the 
arrangement becomes annular. The twenty -fifth chamber from 
the microsphere is, in this specimen, the first to complete the 
circle. 

In the megalospheric form the centre is occupied by a structure 
somewhat resembling the " primitive disc " of OrbitolUes camplanata 
(p. 106). It is, however, differently constituted. The megalo- 
sphere is very large, its average mean diameter in 9 cases being 
245 ft, and the extremes 465 and 175 fu It communicates by a 
narrow neck with a large chamber which is applied to the megalo- 
sphere for about half its circumference, and communicates in 
turn with another large chamber. 

^ Chapman (10, p. 19) believes that he has found the dimorphic forms of Hetero- 
UegiiM, and identifies them with the biconvex and the compressed varieties described 
by Brady. He finds that the nize of the fall-grown megalospheric test is greater than 
that of the microspheric, a result which he recognises as nniiHual. The relative sizes 
of M and m are said to be in the proportion of 3 : 2. and I learn from Mr. Chapman, 
by letter, that the actual diameters were 125 and 65 ii respectively. These results 
are so far at variance with the phenomena of dimorphism in general, and with my 
own in this species, that it appears probable that the individuals with the smaller 
central chamber were megalospheric specimens with rather smaller megalospheres, 
and that Mr. Chapman did not meet with the microspheric form. 

' I have to thank Professor J. W. Judd for the opportunity of examining and 
fignring this section. The specimen was obtained at Funafuti, in the Pacific, and 
the section was prepared by Mr. Chapman, and figured by him (10, PI. III. Fig. 2) 
on a small scale. In this paper the specimen is regarded as an unusual example of 
the megalospheric form, but I understand, by letter, from Mr. Chapman that he is 
now inclined to reconsider this view. Fis. 68 is prepared from a photograph of the 
central region, on a larger scale, and Fig. 67, B, shows the arrangement of the 
chambers more clearly. 
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The arrangement of the chambers which succeed varies in 
different specimens. In some (as in Fig. 57, A) a succession of 
about six aubdivideO " heterostegine " chambers follows, which 
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become more and more embracing, until they extend completely 
round the previously formed chambers. The annular arrangement 
once attained is continued, though not without irregularities of 
growth, till the test is complete. The mode of communication of 
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the chamberletB with one another ie aimilar to that deacribed in 
HeterostegiTM. The variations on this arrsngemeDt vhich oecttr 
result from a more speedy attainment, in different degrees, of the 
cyclical growth. Where the nuclear characters have been recog- 
nised, a single large nucleus was found in one of the large centrij 
chambers of the megaloapheric form. 
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Looking back on the evidence furnished by these three genera 
we find that Opereuiina is built on the same plan in both micro- 
Spheric and megalospheric forms ; that Heterostegina repeats the 
operculine condition in both forms, though the number of un- 
divided chambers is greater in the microspheric form than in the 
megalospheric ; and that Cydodypew repeats both the operculine 
and heterostegine conditions in the microspheric form, while in 
the megalospheric the operculine stage is omitted or represented 
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only by the two large chambers which succeed Ihe megalosphere, 
and the heterostegine stage is considerably shortened. In fact, 
we find the same tendency in the megalospheric form to abridge 
or omit the stages repeated by the microspheric form as we have 
seen in other cases. 

The genus Fustdina is represented by a series of forms which 
abound in the Carboniferous and Permian rocks in Russia, North 
America, Sumatra, and elsewhere. By their perforate walls, their 
bilateral sym- 
metry about a 
median plane, 
and the charac- 
ter of the aper- 
ture, which is a 
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Fcmns of the genus FunUina from the Carboniferous formation of Russia, 
showing ▼Biying degrees of elongation in the direction of the spiral axis, com- 
parable with those of the Miliolid Alveolina. A, F. aeqyalu (d'Eicliwald) ; B, F, 
nhaurokka (Khrbg.) ; C, F. prinoeps (Ehrbg.) ; D, F. cylindHoa (Fischer). From 
Brady, Ann, and Mag. qfNat, HUt. 4, xviii. p. 414. 



slit left between the margin of the septum and the surface of 
the preceding convolution, they appear to belong to the Num- 
muline stock. Like the species of Alveolina they present varying 
degrees of elongation in the direction of the spiral axis from the 
biconvex discs of F, aequalis (Fig. 59, A) to the fusiform tests of 
F. cydindrica (D). 

The megalospheric and microspheric forms of Fusulina have 
been recognised by Schlumberger (58). 



We may now take a brief survey of some of the main pheno- 
mena which have presented themselves in the several groups. 

Among the species of Foraminifera we meet with modifications 
of form of three kinds. There is the modification which occurs 
during the growth of an individual, producing the ^* multiform" 
condition of test. There is the difference among individuals 
dependent on their mode of origin, whether from a megalosphere 
or a microsphere, which finds its expression in dimorphism. Finally, 
there is the variation commonly presented to a greater or less 
extent by animals and plants, the departure of the individual in 
different degrees from the type form of the species. 

We may consider these three kinds of modification in the 
reverse order. 

The Variation of the Foraminifera, — It has long been recognised 
by systematists that in many cases the limits of the characters of 
the species of Foraminifera do not admit of being drawn with any 
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exactness. This view was insisted on by Carpenter, who, in the 
" Challenger " Repoii on Orbitolites (p. 9), quotes with approval the 
doctrine that among the porcellanous and vitreous Foraminifera 
" everything passes into everything else." 

Carpenter, indeed, held (/.c. p. 8) that " the ordinary notion of 
species as assemblages of individuals marked out from each other 
by definite characters that have been genetically transmitted from 
original prototypes similarly distinguished, is quite inapplicable to 
the group of the Foraminifera." And again, in the Introduction wo 
read (8, p. 56) : — " The impracticability of applying the ordinary 
method of definition to the genera of the Foraminifera becomes 
an absolute impossibility in regard to species. For whether or 
not there really exist in this group generic assemblages capable 
of being strictly limited by well-marked boundaries, it may be 
a£Srmed with certainty that among the forms of which such 
assemblages are composed, it is the exception, not the rule, to 
find one which is so isolated from the rest by any constant and 
definite peculiarity, as to have the least claim to rank as a natural 
species." 

The question, however, appears to be not whether all inter- 
mediate terms do or do not exist between dissimilar forms, but 
whether the whole body of forms, as they occur in nature, tend to 
group themselves, or are aggregated about certain centres. If this 
is the fact, and the forms, as they occur in nature, are disposed not 
in a continuous series, but in a discontinuous one, the large number 
of individuals being grouped about distinct centres, we have, the 
phenomenon which is comparable with that of species in other 
animala and in plants, whether the centres are or are not connected 
by intermediate terms. To refuse to recognise the existence of these 
centres, because transitional forms exist between them, is to ignore 
an essential fact. 

In a very large number of cases, at any rate, such centres do 
exist among the Foraminifera, as among other organised beings, 
and the characters of the middle individuals of them are those of 
the species. 

The dimorphism of Foraminifera depends, as we have seen, on 
two modes of reproduction, which recur in a cycle of generations. 
The megalospheric form arises by the multiple fission of a single 
parent, while there are strong grounds for concluding that the 
microspheric form arises from a zygote, formed by the conjugation 
of zoospores. 

The phenomena of dimorphism are exhibited in the size of the 
initial chambers, in the nuclear characters, in the mode of reproduc- 
tion, and, often, in the plan of growth. In most of the species of 
Foraminifera in which we have evidence of the sizes of the initial 
chambers, they are strongly contrasted in the two forms, although 
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in some, as in Fcneroplis, the size of the megalosphere may, in 
exceptional cases, fall below that of the microsphere. In this 
genus, as we have seen, the microspheric form is also to be dis- 
tinguished by the absence of the spiral passage. In Discorbina and 
Truncatulina there is no such structural feature to distinguish the 
two forms, nor are they always to be recognised by the size of 
the central chambers. There is reason to believe, however, that 
they differ in nuclear characters, and mode of reproduction. 
Whether or not the two modes of reproduction prevail through- 
out the simpler forms of Foraminifera cannot at present be 
stated. 

The Multiform Condition, — The significance of this condition is 
one of the most interesting problems presented by the Foraminifera. 
Perhaps the simplest case of its occurrence is that of Polytrema 
(p. 120). We have seen that in the earliest stages of life this 
organism is free, and secretes a test which resembles in many of 
its features that typical of the Kotalidae. After it has become 
adherent the rotaline mode of growth is exchanged for one 
adapted to the attached habit, and the test assumes an encrusting 
or arborescent form. 

In the case of Polytrema^ then, it seems clear that the arrange- 
ment of the chambers formed early in life repeats that of the 
rotaline stock from which it sprang, while the later chambers are 
disposed on a plan acquired as it has diverged from that 
stock. 

Again, the more complex members {OrhUolites and Cydodypeus) 
of the Peneroplis-Orbiiolites and OpercuHna-Cydodypeus series present 
excellent examples of the multiform condition. The facts that 
each of these is a series of closely related genera, and that the 
simpler members of each present in a permanent form the arrange- 
ment which is transitory in the growth of the more complex, 
appear to give substantial support to the view urged by Car- 
penter that the stages which we have called peneropline and 
•orbiculine, operculine and heterostegine, in the growth of OrhiidUes 
and Cydodypeus respectively, are, in fact, repetitions in ontogeny 
of a phylogenetic history. 

The application of this explanation to the multiform Miliolinidae 
appears less satisfactory because the earlier (quinqueloculine) plan 
of growth is somewhat more complex than the later, and we should 
not therefore expect it to be the more primitive. We need not 
assume, however, that the course of development has always been 
in the direction from simple to complex. 

Closely connected with this question is the fact that the multi- 
form condition is, as we have seen, much more pronounced in the 
microspheric than in the megalospheric form of a species. In a 
former paper I suggested (21) that a partial explanation of the 
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contrast may be found in the difiference in the mode of origin 
of the two forms. 

The life-history of the Cladoceran Leptodara hyalinaj appears to 
ofifer a similar contrast. Throughout the summer months broods 
of young are produced, which develop parthenogenetically and 
are hatched in the form of the parent. The resting winter 
egg, on the other hand, which develops as the result of fertilisa- 
tion, emerges as a Nauplius larva — the form in which the members 
of such diverse families take their origin, and which, there is good 
reason to believe, repeats in several of its features the characters 
of the primitive Crustacea. 

In the case of Lepiadara we see that after, and apparently as the 
result of, fertilisation the organism '* casts back " in its develop- 
ment, repeating primitive features which are abbreviated or absent 
in the development of the form arising without a sexual process. 
Now although the megalosphcre of the Foraminifera, the product 
of the multiple fission of the parent, may not be strictly comparable 
with the unfertilised egg of Leptodara, it has, at least, this in 
common with it, that it arises asexually, while it is probable that 
the microspheric form arises from the conjugation of gametes, a 
process comparable to the fertilisation of the Metazoa. In the 
paper referred to it was suggested that the accentuation of the 
multiform character of the microspheric form of the Foraminifera, 
as compared with the megalospheric, is likewise dependent on the 
process of fertilisation. 

It still appears to me possible that the explanation may 
be found in the direction indicated, but that this is not the 
complete solution is shown by consideration of the Initial Poly- 
morphism displayed by the megalospheric forms of several 
species. In Idalina and Orbiculina we have seen that the extent 
to which the phases of growth which occur in the development of 
the microspheric form are repeated by the megalospheric form 
varies in different individuals, and that it is correlated with the 
size of the megalosphcre — individuals with small megalospheres 
repeating these phases more completely than those with large 
megalospheres. What the cause of this correlation may be 
appears entirely obscure, but it is evident that if among the 
megalospheric forms, arising asexually, the completeness of the 
repetition of the earlier phases depends on the size of the central 
chamber, we are not at liberty to refer the completeness of 
their repetition in the microspheric form wholly to its sexual 
origin. 

In his sketch of a natural classification of the Foraminifera (36 and 37) 
Rhumbler takes altogether different views of the phenomeoa we have 
been considering, and the classification proposed as the result has been 
adopted by Lang in the new edition of his Lehrhwh. 
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In Rhumbler's view ** FeBtigkeiteanaleae,'' the Belection of the forms 
of test best adapted to resist mechanical stress, is regarded as the chief 
fictor which has dominated the differentiation of the Foraminifera, 
and several series of genera, such as the Nodosaria'CriHellaria and the 
BilocuUna-Quinqueloculina series, are given as examples of a " Festigkeit- 
skaU " in which varying degrees of resisting power have been attained. 

In the biformed and triformed tests the early chambers are regarded 
as arranged on a higher (t.e. more resisting) plan than those added later, 
and hence it is concluded that in the ontogeny of the Foraminifera the 
Older of the appearance of the more primitive and the later acquired 
characters is the reverse of that so general in the development of other 
animals, the earlier arrangement representing the form towards which 
the race is advancing, the later retaining the characters which Will ulti- 
mately be discarded. 

This reversal of the usual order is attributed to the great delicacy of 
ihe young test, to compensate for which a more compact arrangement of 
the chambers has been acquired. In the later stages of growth, owing to 
the larger bulk of the protoplasm, the chamber walls can be secreted of 
such a thickness as to counterbalance the mechanical weakness of their 
arrangement. 

The contrast in the modes of growth of the megalospheric and micro- 
spheric forms is similarly explained, the small size of the latter in the 
early stages of growth calling for an arrangement, which is less urgently 
needed in the later stages, or by the megalospheric form. In the more 
perfected genera, however (as Quinquelocultna), the tests of the forms of 
both generations are moulded on the most compact type. 

Thus Rhumbler, like Carpenter, regards the multiform tests of 
Foraminifera as of great value in tracing out phylogeny, but for precisely 
opposite reasons, for while Carpenter considers the early phases as repre- 
senting a stage through which the stock has passed, Rhumbler sees in 
them the higher stage towards which it is advancing. 

As will be gathered from what has gone before, it does not appear 
to me that sufficient reason has been shown for discarding the view of 
Carpenter. 

Another remarkable phenomenon met with among tho Fora- 
minifera is that of Isomorphism, It may be defined as the occurrence 
under similar external forms of species belonging to distinct 
stocks. 

Perhaps the most striking instance of it is presented by the 
Miliolidea and Nummulitidea. It has been pointed out how in 
the latter family the series Operadina, Heterostegina^ Cydodypeus runs 
parallel with the PeneropliSy Orbiculinaf OrbUolUes series of the 
Miliolidea, and we have seen that in Heierostegina^ as well as in 
Folystomella and other allied genera, the tests are to some degree 
extended in the spiral axis owing to the equitant character of 
the chambers. The resemblance between the corresponding terms 
in the two series is rendered all the more remarkable by considera- 
tion of the forms included in the genus Fusulina^ which, at the 
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period when the Carboniferous and Permian rocks were deposited, 
had undergone elongation in the direction of the spiral axis and 
been differentiated into a series of forms — biconvex, obovate, 
spheroidal, and fusiform — closely comparable with those assumed 
by the species of Alveolina of the Tertiary period and the present 
day (cp. Figs. 42 and 59).^ 

DistribtUion. — From this point of view the Foraminifera may be 
divided into two classes — the attached or bottom-living and pelagic 
forms. While by far the greater number of genera and species 
belong to the former, the numbers of individuals of the latter are 
enormously great. 

The Pelagic Foraminifera belong to the genera Globigerina (with 
its connected form Orbulina), Hasligerina^ FuUenia, SphaerMina, 
and Candeina — forming the order Globigerinidea — and Pulvinulina 
and Cymhalopora among the Rotalidea. The pelagic habit of these 
forms, though it had previously been recognised by McDonald and 
Major Owen, was first clearly established by the naturalists of the 
Challenger. 

The species which are found at the surface extend down to 
considerable depths, but whether they may actually live on the 
bottom of the ocean is still, in spite of much discussion, undecided. 
They congregate at the surface at night, and partially withdraw 
from it during the day. 

It is in the equatorial and temperate regions of the ocean that 
they most abound, the pelagic forms being represented in the arctic 
and antarctic seas by small species of Globigerina : G, pachyderma in 
the former, G, dutertrei in the latter. 

Beneath this equatorial belt of warm water and its northern 
offset, the Gulf Stream, the empty tests of the pelagic Foramini- 
fera constitute the main portion of the ** Globigerina ooze," which 
forms the ocean floor down to a depth of 3000 fathoms. As this 
limit is approached the thinner tests disappear, and beyond it all 
calcareous constituents are removed by solution.^ 

The species of bottom-living Foraminifera have, on the whole, 
a very wide distribution. Some are cosmopolitan, ranging from 
arctic to tropical waters and from shore pools to the bottom of 
the great oceans. A large proportion of the genera, however, are 
restricted by depth and temperature. The shallow littoral waters 
of the tropics contain an abundant fauna, most of the members of 
which do not extend to colder seas. On the other hand, genera 

^ The Lituolldea ftre descriWd aa " isomorphous " with various calcareous genera, 
but it ifi far from cortaiu that the similarity in form does not depend on true ^nity, 
in which case the term is not fitrictly applicable. Lo/tusia, among the lituolidea, 
has a fusiform test, externally resembling the more elongated forms of the Fuaulina 
and Alveolina series. 

« Cp. Sir John Murray, " On the Distribution of the Pelagic Foraminifera/* etc 
yatural SeUnce, July 1897, pp. 17-27. 
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(such as those of the Astrorhizidea) which abound in the arctic 
seas extend, as members of the abyssal fauna, along the ocean 
floor, to mingle in lower latitudes with the empty tests of the 
pelagic inhabitants of the warmer surface waters. 

Notwithstanding the wide range of many species, there is some 
indication of a limitation of forms to definite areas — the formation 
of local faunas — comparable to that met with in the distribution of 
other animals and of plants. Thus in the warm shallow seas 
of the Malay Archipelago Mr. Millett finds the forms deviate in 
many instances from the ordinary structure of the Foraminifera.^ 
In his reports hitherto published, dealing with the orders as far 
as and including the Lagenidea, he has described twenty-six new 
species and one new genus from this region. 

Geological Distrihution, — Representatives of four orders of the 
Foraminifera — Textularidea, Lagenidea, Rotalidea, and Globi- 
gerinidea — have been recognised in the Cambrian, the oldest of the 
."palaeozoic'' formations. In the Carboniferous all the orders are 
represented except the Miliolidea — which have, however, been recog- 
nised in beds transitional between the Carboniferous and the Per- 
mian — the small and fragile Chilostomellidea, and the Gromiidea, 
whose slight tests we should hardly expect to find preserved. 
In the Carboniferous formation species of Saccammina and Fusulina 
give rise to extensive deposits. An abundant foraminiferal fauna 
has been found in many of the secondary formations, and the chalk 
of the later Cretaceous period is in la^ge part built up of their 
tests, Olobigerina being an abundant form as in the oozes of the 
existing ocean basins. 

Foraminifera also enter largely into the composition of the 
earlier rocks of the Tertiary period. The Miliolidea here come 
into great prominence, and are represented by Miliolina (including 
Quinqueloddina and Triloculina)y and its allies Peneroplis^ OrhitoliUSj and 
Alveolina. Nummulites, which had already made their appearance 
in the Carboniferous period, also abounded in the warm shallow 
Eocene seas, and the Nummulitic limestones extend across the old 
world from the Pyrenees to China, attaining in some places 
thousands of feet in thickness. 

It need hardly be pointed out that our knowledge of the life- 
history of the Foraminifera is still very far from complete. In the 
establishment of the prevalence throughout the higher groups of 
the phenomenon of dimorphism, dependent on different modes of 
reproduction, a substantial groundwork has been attained, but 
there remain many important questions of wide biological bearing 
on which we are very imperfectly informed. 

' Report on the Recent Foraminifera of the MaUy Archipelago collected by Mr. A. 
Durrand, F.R.M.S., Joum. Roy. Microscopical Soc 1898, p. 258. 
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There seems good reason to hope that the study of the plan 
of growth of both forms of the species during the early stages of . 
their life-histories may throw light on the complicated problems 
of phytogeny. Until these early stages have received fuller 
attention, and we have arrived at a conclusion as to the relation 
of the early to the later stages of the multiform tests, efforts at 
forming a "natural classification ** appear to be premature. 

The classification adopted by Brady in his CT^oUfn^ Monograph 
is given here, with slight modifications. I have followed Neumayr 
(30) in placing the Astrorhizidea before the Miliolidea as they 
appear to be more primitive forms. The Cycloclypeinae are merged 
with the Nummulitidae for the reasons given above. 

It appears highly probable that the Lituolidea should be dis- 
tributed (as Biitschli has done) among the calcareous forms which 
they resemble, but they are here left as arranged by Brady. 

In conclusion I desire to express my thanks to my brother Mr. 
W. T. Lister, for his assistance in preparing the photographs of 
the shells of Foraminifera with which this article is illustrated. 
They were done with one of Zeiss' admirable instruments. 

Order 1. Oromiidea. 

Test membranous, chitinouB, or Biliceous ; smooth or encrusted with 
foreign bodies ; with one or more peeudopodial apertures. 

Family 1. Poltstomatidae. Test with one or many openings. 
Qenus Myxotheca^ Schaudinn (Fig. 2). Test encrusted, openings many ; 
marine. Here may be provisionally placed Hyalopus, Schaudinn 
( s Oromia dujardtniij M. Sch.). Test smooth, rounded, with one opening 
(Fig. 15), or branched, and with many ; pseudopodia hyaline, with few or 
no anastomoses ; multinucleate ; marine. 

Family 2. Mokostomatidae. Test rounded or flask -shaped, with 
a single opening. 

(a) Test smooth. Genera — Oromia^ Duj. Test chitinous, usually 
flexible, mouth terminal ; freshwater and marine (Fig. 1). LiAtrhuhnia^ 
Clap, and L. Test very delicate, ovoid ; mouth sub-terminaL Mtkro- 
gromia, R Hertw. (Cystophrysy Archer) (Fig. 14). Test small, rigid, flask- 
shaped, bilaterally symmetrical, not filled by the protoplasm ; pseudopodia 
springing from a short stalk of protoplasm ; individuals often united by 
their pseudopodia into colonies. Platoum, F. K Sch. Similar to Mxkro- 
gromia, but test more pointed. Leeythium, H. and L. Similar, but 
protoplasm filling the test These four are freshwater genera. 

(6) Test encrusted with foreign bodies. Genera — Pseudodifflugia^ 
Schlumb. Resembles Gromia^ but test encrusted ; fresh and brackish 
water. Diaphoropodon, Archer. Test ovoid, built of looeely-united foreign 
bodies. Pseudopodia of two kinds : long, extended from the mouth ; and 
short, hair-like (7 true pseudopodia) between the particles of the test. 

(c) Test built of chitinous or siliceous plates. Genera — Euglypha, Duj. 
(Fig. 3). Test elliptical or pear-shaped, with terminal mouth ; built of 
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curcular or hexagonal nlioeous plates ; peeudopodia without anastomoees ; 
freehwater. IVttMfna, Diy. Similar, hut mouth on flattened lateral 
•az&oe; freahwater. 0}fplMi»riii^ Schlumh. Teat flaak-ahaped, huilt of 
■mall chitinouB platea; fresh and hrackiah water. Camj^atcv^ Leidy 
Beaemhlea Cyphoderia^ hut teat encrusted ; freshwater. 

Family 3. Amphibtomatidak. Test with an opening at either end. 

(a) Test smooth. Genera — DiplophrySy Barker. Test roundish, very 
delicate ; freshwater, and in manure. Ditremoy Archer. Similar, hut test 
thicker ; freshwater. ShepheardeUa^ Siddall (Fig 16, 6). Test diitinoua, 
long, and tuhular, contracted to an opening at either end ; marine. 

(6) Teat encrusted. Qenus — Amphitrema^ Arcktr (Fig. 16, II). Barrel- 
shaped, teat produced to a short neck round either opening ; moor pools, 
Ireland. 

Order 2. Astrorhisidea. 

Teat invariahly composite, usually of large size and monothalamous ; 
olten hranched or radiate, sometimes segmented hy constriction of the 
walla, hut seldom or never truly septate; polythalamous forms never 
q^mmetricaL 

Family 1. Astrorhizidas. Walls thick, composed of loose sand or 
mud, very slightly cemented. Genera — Aatrorhiza, Sandahl (Fig. 17, a). 
Teat fusiform, or depressed and more or less stellate, and attaining a 
diameter of nearly one inch. Pelotina, Brady. Storih4>tphaera, F. K Sch. 
Dindrophrya, Str. Wright Syringammina, Brady. Test consisting of 
massffl of hranchings and anastomosing tuhea 

Family 2. Pilulinidas. Monothalamous, wall thick, composed 
chiefly of felted sponge spicules. Genera — Pt7u/tna, Carpenter (Fig. 17, c). 
Nearly spherical TechnitellOj Norm. OvaL Bathynphorij Sara Tuhular. 

Family 3. Saccamminidas. Chamhers nearly spherical, walk thin, 
firmly cemented. Genera — Saceammtrui, M. Sars (Fig. 17, h). Globular, 
with distinct projecting aperture. Ptammosphaera fuica, F. £. S., without 
a projecting aperture. Is regarded by Rhumbler as the young form of 
Saccamminina iphaeriea, Sorosph<ura, Brady. Many spherical adherent 
chambera, each with its own aperture. 

Family 4. Rhabdamminidas. Test firmly cemented, of sand, 
often with sponge spicules intermixed, tubular, straight, radiate or 
hranched, rarely segmented. Genera — Jaculella, Brady. Elongate, 
tapering. Hyperammxna, Brady (Figs. 17, c2, and 18). Elongated, 
tabular, aimple or branched, sometimes commencirg in a globular chamber. 
MarnptUa, Norman. Fusiform or cylindrical Rhahdammina, M. Sars. 
BectiUnear, radiate or branching, with or without a central chamber. 
AieKemondla, Brady. Test of inflated sacs, single or combined in seriea 
BkuammincLy Brady. Fine cbitino-arenaceous tubes, simple or branched. 
Sagendla, Brady. Adherent, branching tubea Botellina, Carpenter. 
Test cylindrical of loose sand, with irregular cavities. Haltphysema, Bk. 
Teat columnar, attached by a stalk, simple or branched, beset with sponge 
spieulea (Fig. 19). 
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Order 3. Lituolidea. 

Test arenaceousy usually regular in contour, chambers of the poly- 
thalamous forms frequently labyrinthic. Comprises sandy iBomorpha of 
the simple porcellanous and hyaline types (ComiMptVo, Peneroplis^ Lagena^ 
Nodoaaria, GristeUariaf Olobtgertna, Roialiaf Nonioninay etc.), together 
with some adherent species. 

Familt 1. LiTUOLiDAS. Test of coarse sand grains, rough ex- 
ternally; often labyrinthic. (a) Chambers non-labyrinthic. Genera — 
Reophax^ Montf. Test free, composed of one flask-shaped chamber, or of 
several united into a straight, curved, or irregular line, never spiral 
Coakinolinaj Stache ; Haplophragmivmj Reuss. Test free, nautiloid, or 
crosier-shaped. Placopwilina^ d'Orb. Chambers plano-convex, adherent 
(6) Chambers labyrinthic. Qenera — Haplostichey Reuss. Test free, uni- 
serial, never spiral LituoUif Lamk. Test free, nautiloid, or crosier-shaped. 
BdelUndinay Carter. Adherent 

Family 2. Trochamminidab. Test thin, composed of minute sand 
grains incorporated with calcareous or other cement ; smooth, often 
polished externally. Qenera — Thuramminaj Brady. Test a single sub- 
spherical chamber. Hippocrepina, Parker; Hormotinay Brady. A 
rounded chamber, or several in a straight or curved serie& Ammodi9CU9y 
Reusa Test non-septate, coiled in a piano-spiral (resembling SpirUlina) 
or otherwise. Trochammina^ P. and J. Free or adherent, rotalifonn, 
nautiloid or trochoid. CaTtenna^ Brady. Test rotalifonn, constructed 
of fusiform spicules, said to be proper to itself. JVebbina, d'Orb. One or 
more adherent, stoloniferous chambers. 

Family 3. Endothyridae. Fossils. Test more calcareous and 
less sandy than in other Lituolidae, sometimes perforate. Genera — 
NodosiTiella, Brady. Nodosariform. Polyphragma^ Reuss. Involutinay 
Terq. Endothyra, Phil Bradyinay Moll Siacheiay Brady. 

Family 4. Loftusiidae. Test relatively large, lenticular, spheri- 
cal or fusiform ; arranged spirally, or in concentric layers ; walls finely 
arenaceous and cancellated. Genera — Cyclammtna, Brady. Nautiloid. 
Lojixma^ Brady. Large, resembling Alveolina in contour. Parkeriay 
Carp. Large, spheroidal 

Order 4. Miliolidea. 

Test usually imperforate, normally calcareous and porcellanous, some- 
times encrusted with sand ; under starved conditions {e.g. in brackish water) 
becoming chitinous or chitino-arenaceous ; at abyssal depths occasionally 
consisting of a thin, homogeneous, imperforate, siliceous film. 

Family 1. Miliolinidae. Test of one or many chambers spirally 
arranged ; in the many -chambered forms there are usually not more 
than two chambers in each convolution, (a) Test unsegmented, piano- 
spiral Genus — Comwipira, M. Sch. (Fig. 20). (6) Test piano-spiral, two 
chambers to a convolution. Genera — Spiroloculinay d'Orb. (Fig. 21). 
All the chambers exposed on the contour. Biloculina, d'Orb. (Figs. 22, a, 
and 24). Chambers simple, only the last two chambers exposed on the 
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contour. FahviXarxa^ De£ Similar, but chambers subdivided in the 
interior. Sigmoilina (PlanisptrtTiaf pars), Schlumb. (c) Three chambers 
exposed on the contour of the test Qenus — TrilocuUna^ d'Orb. (Figs. 
22, b, and 25). (d) Five chambers exposed on the contour of the test 
Qenus — Quinqueloculina, d'Orb. (Fig. 23). (e) In the megalospheric form 
the second chamber completely invests the megalosphere. Qenus — 
Adelotindj d'Orb. Chambers arranged on the quinqueloculine plan, or 
(in A, polygania^ Schlumb., Fig 26), plano-spirally, three or four to a 
convolution. (/) Earlier chambers quinqueloculine, later spiroloculine. 
Qenus — Maanlina^ SchL (g) Milioltntdae trematophorae. Chambers with 
inner as well as outer walls, and with sieve-like orifices. Eocene and two 
recent spp. Qenera — Idalina^ M.-Ch. and Schlumb. Test biloculine in 
later stages, and ultimately uniloculine ; chambers simple (Fig. 27). 
Periloculina, M.-C1l and Schlumb. Arrangement similar, but chambers 
partially subdivided by ridges. Lacazina, M.-Ch. Uniloculine stage 
assumed early in growth ; chambers subdivided by longitudinal rows of 
pillars. 

Family 2. Haubrinidae. First formed part of test milioline. or 
OffmiMptVa-like, later with chambers in spiral or rectilinear arrangement, 
aperture single. Qenera — Ophthalmidiumj KiibL Piano-spiral, ComusptrO' 
Wl» at first, later segmented (Fig. 41). Planispirina, Seg. Segmented. 
Hauerina, d'Orb. Milioline (? quinqueloculine) at first, then plane-spiral. 
Vertebralinaf d'Orb. Piano-spiral at first, then linear. Arttculina, d'Orb. 
Milioline (tri- or quinque-loculine) at first, then linear (Fig. 28). 

Familt 3. Peneroplididab. Test piano -spiral, crozier- shaped, or 
cyclical ; usually bilaterally symmetrical ; apertures many. Qenera — 
Peneroplii^ Montfort Chambers undivided, arranged plano-spirally 
throughout, or the later ones rectilinear (Fig. 29). Orhiculinaf Lam. 
Chambers subdivided by secondary septa ; early segments equitant (Figs. 
30-32). Orbitolitetj Lam. Test discoidal, chambers subdivided into 
chamberlets ; early chambers not equitant ; arrangement at first piano- 
spiral, then cyclical (Figs. 33-40). Meandroptina^ M.-Ch. 

Family 4. Alveolinidae. Test spiral, elongated in the direction 
of the axis of convolution. Chambers divided into chamberlets. Qenus — 
Alotolinaj d'Orb. Test subglobular or fusiform. 

Family 6. Keramobphaeridae. Test spherical, chambers in con- 
centric layers. Qenus — Keramosphaeray Brady. 

Familt 6. Nubecularidae. Test irregular, asymmetrical, usually 
adherent Qenera — Squamulina^ Schultze. Test a single adherent 
chamber. Nuhecularia^ Def. Test more or lees spiral or adherent, often 
encrusted with sand. 

Calcitvha polymorpha^ Roboz, appears to be a degenerate form of the 
Miliolidea. 

Order 5. Textnlaridea. 

Tests of the larger species arenaceous, either with or without a 
perforated calcareous basis ; smaller forms hyaline and conspicuously 
perforated. Chambers arranged in two or more alternating series, or 
spiral, or confused ; often multiform. 
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Family 1. Textulabidab. Typically bi- or triHserial; often bi-, 
rarely tri-formed. Qenera — Textutaria^ Def. ChamberB in two rows, 
alternating ; aperture an arched alit tranaverBe to long axia of test at the 
base of the inner wall of the final augment Cuneolina^ d'Orb. Vsr^ 
neuilina^ d'Orb. Triserial, with textularian aperture (Fig. 44, C). IWtosto, 
Reuas. Triaerial, with a produced central aperture. ChryiolidvMi^ d'Orfa. 
Triserial, with porous aperture. BigetMrina^ d'Orb. Early chamben 
textularian, later uniserial (Fig. 44, D). Pavonina^ d'Orb. Arrangement 
similar, but test fBin-ahaped and aperture porous. SpiropUeta^ Ehrl^ 
Early chambers piano-spiral, later textularian (Figs. 43 and 44, A-h}, 
Oaudryinaf d'Orlx Early chambers triserial, later textularian. VaUm* 
lina, d'Orlx Free or adherent, spiral, typically with three chambers in 
each convolution. Clavulitui, d'Orb. Early chambers triserial (valvuline), 
later uniserial and rectilinear (Fig. 44, E). 

Family 2. Buliminidae. Typically spiral; weaker forms more or 
lees regularly biserial, aperture oblique, more or less comma -shaped. 
Qenera — Buliminay d'Orb. Spiral, elongate, more or less tapering, often 
triserial (Fig. 54). Virgulina, d'Orb. Much elongated, often biserial 
Bijarina^ P. and J. Early chambers Bulimine or Virguline, later 'ini^rial. 
Bolivinay d'Orb. Biserial Pkurostomell4i, Reuas. 

Family 3. Cassidulinidab. Test a Textularia-Uke series of alter- 
nating chambers, more or less coiled on itself in a piano-spiral manner. 
Qenera — Camdu/tna, O'Orb. Ehrenhergia^ Reuss. 

Order 6. Ohilostomellidea. 

Test calcareous, finely perforate, polythalamous. Segments following 
each other from the same end of the long axis, or alternately at the two 
ends, or in cycles of three ; more or less embracing ; aperture a curved 
slit at the end or margin of the final segment Genera — Ellipsoidina^ 
Seg. ChiloBtomella^ Reuse. Allomorphinaf Reusa 

Order 7. Lagenidea. 

Test calcareous, very finely perforated, monothalamous, or consisting 
of a number of chambers joined in a straight, curved, spiral, alternating, 
or (rarely) branching series. Aperture terminal, simple or radiate. No 
canalicular skeleton or canal system. 

Family 1. Laoenidae. Test monothalaniou& Genus — Lagena^ Walker 
and Boys (Fig. 46). 

Family 2. Nodosariidae. Test polythalamous, straight, arcuate, 
or plano-spiraL Gtenera — Nodosarxa^ Lam. Straight or curved, chambers 
circular in transverse section, aperture central (figs- 45, A and B). Ltn^- 
liruiy d'Orb. Straight, chaml^rs oval in section, aperture a fissure. 
Frondicularia^ Def. Compressed, segments V-shaped (Fig. 45, C). Rhab- 
dogoniumy Reuse. Straight or curved, triangular or quadrangular in 
section. Marginulina^ d'Orb. Elongated, circular in section, aperture 
marginal Vaginulina^ d'Orb. Elongated, septation oblique, aperture 
marginal Rimulina^ d'Orb. Crtstellaria^ Lamk. Piano-spiral in part, or 
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entirely (Fig. 47). Amphicoryne, Schlumb. Early chambers crifitellarian, 
later nodoearian. Allied are the foeail biformed genera Lingulinopisj Reuas ; 
Flabellinaf d'Orb. ; Ampkimorphina, Neugeb. ; and DenialinopsiSj Reua& 

Family 3. Poltmorphinidas. Chambers arranged spirally or 
irregularly round the long axis, rarely biserial or alternate. Genera— 
Poljfmarphinaj d'Orb. Bi- or tri-serial, or irregularly spiral, aperture 
radiate (Fig. 48). Dimorphina^ d'Orb. Early chambers polymorphine, 
later nodosarian. Uvigerina, d'Orlx More or less spiral, aperture pro- 
duced, often tubular, and lipped. Sagrina, P. and J. Early chambers 
uyigerine, later nodosarian. 

Familt 4. Ramulinidae. Test irregular, branching. Genus — Bamu- 
Una, R Jones. 

Order 8. Qlobigerinidea. 

Test free, calcareous, perforate ; chambers few, inflated, arranged 
spirally; aperture single or multiple, conspicuous. No canalicular 
skeleton or canal-system. All the larger species pelagic in habit. Cknera 
— Olobigerinay d'Orb. Test coarsely perforated, trochoid, rotaliform or 
symmetrically piano-spiral, pelagic specimens usually spinous (Fig. 49). 
Orhulinaf d'Orb. A spherical test with large and small perforations, beset 
with spines, and containing a G^^frt^mna-shell. It is a late phase in 
the life-history of some forms at any rate, of Glohigerina (Fig. 49). 
Hcutigerinay Wy. Th. Regularly uautiloid and involute, armed with 
long serrate spines, which are triangular in section, aperture large. 
Pullenia, P. and J. Regularly or obliquely nautiloid and involute, 
chambers only slightly ventricose, aperture a long curved slit, pores very 
minute. Sphaeroidina^ d'Orb. Chambers forming together a nearly 
globular shell. Candeina^ d'Orb. Trochoid, thin -walled, aperture con- 
sisting of rows of pores. 

Order 9. Botalidea. 

Test calcareous, perforate ; free or adherent ; typically spiral and 
*' rotaliform," %,e. coiled so that all the chambers are visible on the 
** superior," " dorsal," or " apical " side, those of the last convolution only 
on the " inferior," ** basal," or " apertural side," sometimes one side being 
convex, sometimes the other. Aberrant forms evolute, outspread, acervu- 
line, or irregular. Some of the higher modifications with double 
chamber-walls and canalicular skeleton. 

Family 1. Spirillinidae. Test spiral, non- septate. Genus — 
Spirillina, Ehrbg. Complanate and piano-spiral, free or attached. 

Family 2. Rotalidae. Test rotaliform, rarely evolute, very rarely 
irregular or acervuline. Genera — Patellina^ Will. Test conical, with an 
external layer of spirally arranged or annular cliambers, subdivided into 
chamberlets, the interior of the cone filled either with hyaline shell-sub- 
stance, or with chamlxjra Cymhahpora^ Hag. More or less trochoid. 
Early chambers spiral, later concentric, pelagic specimens with a large in- 
flated cliamber covering the base of the shell IHscorbina, P. and J. Free 
or adherent, rotaliform, trochoid or plano-convex, with either the superior 
or the inferior (apertural) surface convex, somewhat coarsely porous, 

10 
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aperture an arched slit at umbilical margin of last chamber. FUvMfr- 
&u2tna, d'Orb. Normally adherent, compressed or oomplanate ; chamben 
very numerous, at first on spiral, later on cyclical plan, and each chamber 
opening at the periphery ; waUs coarsely porous. Truticaiulina^ d'Orb. 
Free or adherent, rotaliform, the inferior face generally more convex 
than the superior; aperture a curved slit, near the superior (apical) 
margin of the last chamber. AMymalina^ P. and J. Like TViincatuZtno, 
but more nearly plano-spiraL Carpentertcty Gray. Adherent, spiral, 
convex, or monticular ; chamber.^ few ; aperture at apex of final segment 
Rupertia, Wallich. Columnar, attached by a spreading base, chajnbers 
numerous, spirally arranged, aperture at the basal end of terminal suture 
of last segment Pulvinulinaf P. and J. Rotaliform, finely porous, 
chambers few, with lines of secondary deposit over the sutures ; aperture 
large, at the umbilical margin of the last segment Rotalia^ Lamk. 
Rotaliform, finely porous, with secondary deposit over sutures or in 
umbilicus; aperture nearer the peripheral than the umbilical margin 
of the last chamber ; larger spp., with interseptal canals. (Fig. 50.) Cal- 
carina, d'Orb. Rotaliform, lenticular, with radiating spines at periphery ; 
canalicular skeleton largely developed. 

Family 3. Tinoporidae. Test of irregularly massed chambers, the 
early ones more or less distinctly on a spiral plan ; usually without 
any general aperture. Qenera — Tinoporu$, Carp. Lenticular or sub- 
spheroidal, with radiating marginal spines, early chambers arranged in 
a plano-spiraL Gypsina, Carter. Free and spheroidal or attached and 
spreading, coarsely perforated, no canal-system. Aphrowina^ Carter. Poly- 
trema, Rissa Test usually pink, at first rotaliform and free, then 
adherent, encrusting or arborescent. 

Order 10. Nmnmnlitidea. 

Test calcareous, finely tubulated, free, spiral, bilaterally symmetrical 
(except Amphistegina), the higher forms with canalicular skeleton and 
canal system. 

Family 1. Fusulinidab. Test fusiform or subglobular, chambers 
extending from pole to pole, each convolution completely enclosing the 
previous whorls. Genera — Fusulina, Fischer. Chambers entire. (Fig. 
69.) Schwagertna, MoYLer. Chambers subdivided. 

Family 2. Polystomellidar. Test nautiloid. Genera — Nonianina, 
d'Orb. Canalicular skeleton rudimentary or absent, aperture a simple 
curved slit Polystomella, Lamk. Canalicular skeleton more or less 
fully developed ; aperture a V-shaped line of pores. 

Family 3. Nummulitidae. Test lenticular or complanate ; a 
canalicular skeleton and complex canal -system in the higher forms. 
Genera — ArchaediscuSf Brady. Lenticular, consisting of a non- septate 
tube irregularly coiled, embedded in finely tubulated envelope. Amphi- 
Btegtna, d'Orb. Lenticular, inequilateral, chambers spirally arranged, 
equitant, the alar prolongations simple on one side of the test, subdivided 
on the other. Operculina, d'Orb. Piano-spiral, the whole of the con- 
volutions exposed ; canal-system well developed. (Fig. 55.) Nummulites, 
Lamk. Lenticular or complanate, piano-spiral, regular, chambers equitant 
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their alar prolongations enclosing the previous whorls ; a complex canal 
system. (Figs. 5 and 6.) Aasilina^ d'Orh. Complanate, structure as in 
NnmmnlitUy but the alar prolongation of the chambers are thin, so that 
the outline of the inner convolutions is visible. Heterostegina^ d'Orb. 
Resembles Operculina in plan, but the chambers subdivided into chamber- 
lets, and equitant (Fig. 56.) Cycloclypeus^ Carp. Chambers usually in a 
single layer, confined to the median plane of the test ; at first spiral, 
then cyclical (Figs. 57 and 58). Orbiioides^ d'Orb. Layers of flattened 
chamberlets are disposed on either side of the chambers of the median 
plane. Qrowth probably spiral before it becomes cyclical Miogypsina^ 
Saooo. Early chambers spiral, eccentric. 
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THE PROTOZOA (continued) 

SECTION K. — ^THK SPOROZOA ^ 

CLASS SPOEOZOA. 

Sub-Class Telosporidia. 

Order 1. Oregarinida. 
„ 2. Goccidiidea. 
„ 3. Haemosporidia. 

Sub-Class Neosporidia. 

Order 4. Msrxosporidia. 
„ 5. Sarcosporidia. 

Incertae Sedis. 

Order 6. Haplosporidia. 
„ 7. Serosporidia. 
„ 8. Ezosporidia. 

Introductory. — The Sporozoa are a group of exclusively para- 
sitic Protozoa, of very widespread occurrence, infesting the 
internal organs or tissues of animals belonging to almost all classes 
and orders of coelomate Metazoa. There is perhaps no species of 
annelid, mollusc, arthropod, or vertebrate which is not liable to 
become the host of some kind of sporozoan parasite, at any rate 
in certain localities, while many animals harbour several species of 
these intruders at the same time. Moreover, in some cases, as, 
for instance, that of the common earthworm, or the mealworm,* 
scarcely an individual can be found which does not contain more 
or fewer of its particular form of sporozoan parasite. Correlated 
with their wide distribution, the Sporozoa exhibit the utmost 
diversity of structural and developmental characters. As a 

' By E. A. Minchin, M.A., Professor of Zoology, University College, London. 
^ The larva of the roeal-beetle, Tenebrio mclitor. 

ISO 
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general, though by no means universal, rule, each species of 
Sporozoon is parasitic on a particular species of host, or on a limited 
number of allied species, and is usually confined to definite organs 

or tissues of the host. In other words, the 

various species of Sporozoa, like most internal 

parasites, have acquired each an organisation in 

harmony with certain special conditions of life, 

and, except for a brief period of their developmental 

cycle, they cannot exist apart from the very definite 

and limited environment to which they are exclusively 

adapted. 

The Sporozoa also differ widely as regards the 
effects they produce upon the animals which harbour 
them. In many, perhaps in most, cases the general 
health and vital activity of the host seems to be 
quite unaffected, even when it contains great numbers 
of the parasites. But in other cases Sporozoa pro- 
duce dangerous or even fatal diseases, and may be the 
cause of ravaging epidemics. Instances of this will be 
found below, especially under the heading of the Myxo- 
sporidia. It is sufficient to mention here the various 
forms of malarial fever in man, now known to be caused 
by sporozoan parasites of the order Haemosporidia. A 
still more deadly human disease, namely cancer, has 
also been referred to the agency of Sporozoa, but this 
charge has not yet been brought home to them satis- 
factorily. 

Different species of Sporozoa vary between wide 
limits as regards size, as well as in other characters. 
From minute organisms, several of which can be con- 
tained in a single blood-corpuscle, we find all grada- 
tions of size up to creatures whose dimensions must 
be regarded as very considerable, or even gigantic, 
pjq j in view of the fact that the sporozoan individual 

TVophoroite (sporont) '8, like Other Protozoa, a single nucleated cell. 
tr ^!?'^60 a*nn'. Many of the Gregarines are quite visible to the 
ciio«. (After van Bene- naked eye, and Porospora gigantea (v. Ben.) from 

d«i,ftoinLanke.ter.) ^^^^ ^^^^^^^ ^^^^.^^ ^ j^^^^j^ ^j ^g ^^ ^ ^^ ^^^ 

thirds of an inch (Fig. 1). In spite, however, of the extremest 
diversity in size, appearance, organisation, and life- history, the 
Sporozoa as a group possess certain very characteristic features in 
common — peculiarities which are clearly in direct relation with 
their habit of life as internal parasites. 

In the first place, their nutriment is always of a fluid nature, 
consisting of the juices of the host absorbed osmotically at the 
surface of the body of the parasite, and none of the special organs 



152 THE SPOROZOA 



for ingesting or digesting solid food, so frequent in other Protozoa, 
are ever found in this group. Many Sporozoa possess flagella 
during certain phases of the life -cycle, and many exhibit the 
power of executing amoeboid movement and emitting peeudopodia 
during even the whole period of growth ; but in both cases the 
flagella or pseudopodia are organs of locomotion and not of 
nutrition, except perhaps in so far as the latter may contribute 
to an increase of the absorptive surface of the body. More 
usually all such locomotor organs are absent, and the body of 
the parasite has a fixed form and definite contours, limited ex- 
ternally by a cuticle of greater or less thickness, through which 
food is absorbed by diffusion. Food - vacuoles or contractile 
vacuoles are never found. 

In the second place, the Sporozoa always possess the power of 
rapid multiplication by spondation that is to say, by the formation 
of reproductive bodies or germs, each a fragment of the parent 
body, in the form of a nucleated protoplasmic corpuscle, usually 
very nnnute. These germs may serve for increasing the numbers 
of the parasite within the same host, or may be the means of dis- 
seminating the s{>ecies and infecting other hosts. In the latter 
case the germs are usually provided with protective envelopes 
which enable them to leave the body of the host in which they were 
produced and to endure for a season the vicissitudes of the outer 
world. In some cases the protoplasmic germs are naked gymna- 
spares, and all those derived from one parent are then enclosed in 
a resistent cyst, formed by the parent previous to sporulation. 
But in most cases the germs have their own special protective 
envelo{>e8, and are then termed Mamydospores, or more usually 
spores simply. Within the spore-envelope a further multiplication 
of the germs may take place, and a cyst enclosing all the spores de- 
rived from a common parent may or may not be formed. Resistent 
spores of this kind are one of the most characteristic features 
of this class, as the name Sporozoa implies. Only in the com- 
paratively small number of cases in which infection is conveyed 
from one host to another by an intermediate host, are protective 
envelopes wanting. 

The bulk of our knowledge of the Sporozoa is of extremely recent 
date, and great advances have been made during the last ten years in 
the investigation of these organisms and the elucidation of obscure points 
in their life -history. Nevertheless, they did not entirely escape the 
observation of the earlier naturalists, even so far back as the eighteenth 
century. As might have been expected, attention was directed first to 
the larger forms of Oregarines inhabiting Arthropods, especially insects, 
and later to the characteristic spores, often to be found in vast numbers 
in various animals. 

The first notice of a Gregarine parasite is attributed to the famous 
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anatomist Redi (1708), but his claims to this honour are veiy doubtful^ 
Cavolini, however, in 1787, described and figured an indubitable Gregarine 
{Aggregata conformis (DieR,\fide Labb^) from the glandular appendages 
of the stomach of Pachygrapstu marmoratus. He found conjugating 
individuals, and believed each such pair to be a kind of tapeworm with 
two segments. But the true discoverer of the group, in the scientific 
sense, was L^n Dufour, who, in his researches upon insect -anatomy, 
became acquainted with, and described, numerous species of these parasit^ 
He regarded them as a peculiar group of worms, iJlied to Trematodes, to 
which in 1828 he gave the generic name Oregarina. More species were 
subsequently made known by other authors, and in 1839 Siebold published 
an important work in which he described the nucleus accurately for the 
first time, without, however, recognising the true nature of Qregarines, 
which he also considered as worms, though he did not attribute to them 
an alimentary canal, as had been done by one of his predecessors ! Siebold 
also described the cysts and spores found associated with the Qregarines, 
and though he did not discover the connection between them, his observa- 
tions had the merit of drawing attention to the ^ pseudonavicedke " already 
observed by Henle (1835) and others in the sperm-sacs of the earth- 
worm. 

Contemporaneously with Siebold's work appeared the investigations of 
Hake upon the spores of the Coccidium of the rabbit, which, however, the 
author regarded as pathological products of the tissues of the host itsell 
In 1841 the celebrated Johannes Miiller described the spores of a number 
of different Myxosporidia inhabiting various fishes, and termed these 
organisms ''psorosperms,"^ a name of very frequent occurrence in sporozoan 
literature, applied to various kinds of spores. Miiller was, however, quite 
in the dark as to the nature of his psoroeperms, and considered them a 
^living ieminium morhi" comparable to spermatozoa. After MtQler 
psorosperms were studied by many observers, and generally divided into 
** egg-shaped psoroeperms," e.g. Coccidia, and '' fish - psorosperms " or 
''Mtiller's psorosperms," the spores of Myxosporidia. Their affinities 
remained, however, uncertain for a very long time, and indeed the true 
nature of *' fish-peorosperms " has only been elucidated completely in the 
most recent times. As long ago as 1842 Creplin compared psoroeperms 
to peeudonavicellae, and so laid the foundation of the '' Oregarine-theoiy " 
of the Myxosporidia. But this comparison was not universally accepted, 
although supported by licydig, Lieberklihn, and other observers. Many 
authors, on the other hand, regarded psorosperms as organisms of a 
vegetable nature, allied to Diatoma 

A distinct epoch in our knowledge of the Sporozoa was made by 
Kolliker, who in 1845 and 1848 not only greatly increased our know- 
ledge of these parasites, and of their wide distribution and occurrence in 
hosts of all classes, but further expressed and maintained for the first time 
the opinion that Qregarines were unicellular organisms, which should be 

^ See Biitscbli, " Sporozoa " in Bronn's Thierreich, I p. 480, from whom most of 
the historical facts here put together are taken. Labb4 [4] identifies the Gregarine 
figured by Redi as Aggregata pmemorsa (Dies.). 

' Derived, according to Balbiani, from ^(^po, mange, and ar^pfuiL, seed. 
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daased amongst Siebold's Protozoa, and identified Siebold's vesicle as the 
cell-nucleu& His views were still further borne out by the important 
observations of Stein, who in 1848 first demonstrated clearly the relation 
of the pseudonavicellae to the reproduction of the Oregarines, which he 
placed as a class Symphyta of the Protozoa. The views of KoUiker and 
Stein have gradufdly obtained universal assent, especially after the demon- 
stration by Lieberkiihn in 1855 of an amoeboid phase in the life-histoiy, 
and no one now doubts the position of Sporozoa amongst the Protozoa. 
Nevertheless, for some years this view was energetically combated by 
various authors, who could not bring themselves to regard the Gregarinen 
as Adult, independent organisma Chief amongst the opponents of the 
Protozoan theory were Henle, Bruch, and Leydig, who believed that 
Qregarines were in dome way connected with the embryonic stages of 
Nematodes or threadworms, and more particularly of the genus FiJUvna, 
In the course of time, and with increase of knowledge, this theory died a 
natural death, and it became evident that any associations of Qregarines 
and Nematodes, or resemblances between them, were of a purely accidental 
and superficial kind. Looking back, however, upon these controversies, 
now only of historical interest, it is not a little remarkable that in very 
recent times a curious nematode-like Sporozoon (Siedleckia nematotdes^ 
CaulL and Mesn.) should have been discovered, which, had it been known 
in the fifties, might have inclined the balance of zoological opinion strongly 
over to the side of the Nematode theory. 

A retrospect of the history of our knowledge of Sporozoa further 
brings into prominence the fact that, as an obscure group of no obvious 
practical importance, they did not for a long time appeal to the considera- 
tion of the " common -sense " Englishman. Until comparatively recent 
times, practically the only contributions to sporozoan literature in this 
country were those of Lankester, who, besides other forms, discovered in 
1872 the organism, parasitic in the blood of the frog, which at a subse- 
quent date was named by him Drepanidium ranarurru This discovery, 
and that of Laveran, who a few years later made known to science the 
malarial parasites of human blood, laid the foimdations of our knowledge 
of the Haemosporidia, a group of such importance, from the practical 
point of view, that they have been the cause of focussing the attention of 
medical men, no less than of zoologists, in all countries upon the Sporozoa. 
Indeed, so great is the interest which these parasites excite at the present 
time, on account of their pathogenic properties in man and beast, that 
now scarcely a month passes without the publication of some discovery 
relating to them, and the study of the Sporozoa bids fair to assume in 
the near future a position of importance scarcely secondary to that held 
by the science of bacteriology. 

The Structure and Life-history of a Typical Sporozoon, — As an 
example of the Sporozoa and of the characteristic features of their 
life-cycle, we select for detailed description the common Monocystis 
agUiSj Stein ^ (Fig. 2), a Gregarine parasitic in the sperm-sacs 

^ With regard to the proper name of this species, there is a certain amount 
of confusion and uncertainty, which is none the less regrettable because of so 
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(vesiculae seminalea) of the earthworm {I«mfrr»cus app.). Thia 
■peciea is Dot only very easily obtained, but is also a very typical 
example of the class ; hence in describing the varioiu phases of its 
life-history it will be pouible at the same time to introduce and 
define the terminology to which we shall adhere in the sequel 




TnplioioltH Dt UaKXiint ajaU. nindi, 
TOung IndlvldoHl* ihowlpg chugn of boctj- 
nm ctae to contdctltltj. e» ui ald«r Ih- 
dlrldiiAl, HtLLI flDTcioued Ln « «*t oF ipAnria- 

tSrL.*nk2t.r.)^ ''*^"'"^'"*"" ^or the corresponding 
stages of other Sporo- 
Eoa. It should be understood, however, that the form J 
which can be selected aa most typical of a group is not | 
necessarily the most primitive of its members. From the | 
type chosen we shall have to work backwards to simpler I 
forms, as well as forwards to more complex. 

The earthworm is infested bj varioos species or varieties 
of M(mocy$tii; according to Cu^not [13] by no lees than m 
or eight species, of which foor are at&ted to be of i 
oecnrrence, namely, Af. magna, A. Schmidt ; M. lumbrici (Henle) 
(••Af. agilis. Stein); M, pilota, Cu^not ; and M. pomcta, A. 
Schmidt The specific distinctneaa of all these forma cannot 
be unhesitatinglf conceded, but at least two distinct species, 
probably with several varieties, are generally recognised, and are 
to be found in almost every worm, viz. M. magna and Jlf. agilit. 
The two species differ in size and in other specific details of 
oharacter. M. magna (Fig. 3} is the Uiger of the two, and 
oeoors attached by one extremity of the elongated body to 
the epithelium of the seminal funuel, only quitting this situa- 
tion at the period of conjugation, when it drops off into the 
spenn-aa& M. agilit (Fig. S) is found in the interior of the 
clumps of developing spermatozoa, or floating freely in the aperm- 

bsqasnt occuirence in tha loologici] DOmeDctkture of juat tha commoDSit or moat 
boiillu' fornu of life, puticuUrlf imongat tfae Sporoio*. According to LkbM 
[4] the specia nndsr coDiidentlon ebould be c«lkd Monoeyttii tmax (Dqjardln) ; 
■ccordlng to Cuinol [13] Ita proper dnignatioo is M. (umJHn (Henle). Wa rehr 
to ttaeie kothora for i discuseioD of theaa koottj queetioiu, ind retain hare tha dum 
moat gaDarall]' employed, in thia coontrj at Isut, for tfa* apcciea. 
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aacB. But all essential details of the life-history are quite similar in the 
two species. 

The earliest known stage of Monocysiis agilis is a minnte 
protoplasmic body, with a distinct nucleus, lodged in one of 
the " sperm-morulae '' floating in the sperm-sac. As is well known, 
each sperm-morula of the earthworm gives rise to a cluster of 
spermatozoa, attached by their heads to a central residual mass 
of protoplasm termed the " sporophore." The young Monoeifstis 
is found within the sporophore and grows at its expense and at 
that of the attached spermatozoa. This stage of the parasite, 
during which it is absorbing nutriment from its host and growing 
rapidly, may be termed the trophic stage^ and each individual 
parasite during this stage may be termed a trophozoite. The 
parasite soon becomes elongated in one direction. It assumes 
first an oval contour and becomes later more or less vermiform. 
As it grows it destroys the sperm-cluster in which it is lodged, 
and in later stages it is found enveloped in an adventitious coat 
or fur composed of the tails of the degenerated spermatozoa, 
giving the appearance of a ciliated covering, which is thrown off 
in the final stages of growth (Figs. 2, c, and 4, a). 

The full-grown trophozoite (Fig. 2) is still a single cell, with a 
single nucleus. The body is limited by a distinct cuticle, within 
which the protoplasm is differentiated into an external clear cortical 
layer or ectoplasm, and an internal granular medullary layer or 
endoplasm. The ectoplasm is the seat of contractility, and contains 
in its deepest part a layer of fine contractile fibres, the so-called 
myocyte-fibrillae. The endoplasm lodges the nucleus, and contains 
numerous coarse granules representing nutriment held in reserve 
for impending reproductive and developmental processes. The 
nucleus is a clear spherical body, in the form of a vesicle 
limited by a delicate membrane, containing fluid in which float 
one or more nuclear corpuscles or karyosomes. Each karyosome is 
a small globule, resembling in appearance the nucleolus of a 
tissue-cell, but differing from it in containing a certain amount of 
chromatin in its substance. The karyosomes usually have a 
vacuolated structure. The trophozoite is actively motile, as the 
specific name implies. In Monocystis the movements consist chiefly 
of changes of form brought about by the contractility of the 
myocyte-fibrillae, whereby the body may be bent or contracted 
as a whole, or may exhibit ring- like constrictions in different 
parts. 

After the trophic stage, which is a period of purely vegetative 
growth, the parasite enters upon the reproductive phase of its 
life-history, a period in which two distinct events follow each 
other ; first, the formation of gametes or conjugating individuals, 
which pair with one another and unite to form zygotes ; secondly. 
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the formation from the zygotes of the resiatent apores, by which 
the parasite ia disaeminated (see Fig. 29, p. 185). 

The adult trophozoite, when it ia ripe for reproduction, ia 
commonly known as a tporoiU, but may be better termed a 
gamdoeyte, since it givea riae to the gametes. Two gametocytes 
come together and become very closely apposed to form a spherical 
body (Fig- 4), the two individuals remaining, however, perfectly 




distinct from one another, each forming one hemisphere of the 
common mass. This union of the two gametocytes must not be 
confounded with the true conjugation : the two individuals are 
merely in association ; they are keeping company, as it were, aa 
a preliminary to the formation of gametes. The two associated 
gametocytes, which often exhibit a slow rotatory movement, now 
become surrounded by a common envelope or cyst (Fig. 4, h, cm), 
awreted by them in two layers ; first a rigid external epkyst, then 
a thin internal endocyst} Meanwhile important changes are going 

' According to Cecconi [11], In il. injilis tlie sporoiiU first Vcome encysted 
^Dglf. and two Buch c)'>ta tliua >]ipraacb eacli otlifr on) join togetliiT. Tliiii pro)i- 
■blf iip|i1ieB only lo the llrst signs of cyst-fonimtioti, ox two comgiletel]- encysted 
gragariiio con hardlf be auHicienLly motile to admit of tlielr travelUiig tovrnrds one 
MWtlwt. 
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on within the bodies of the gametocytes. In the nucleus of each 
individual the karyosomes break up and become partially dis- 
solved in the nuclear sap (Fig. 5, a-d^ ky). At the same time a 
number of chromosomes, in the form of grains or short filaments 
of chromatin, appear grouped in a clump in the nuclear sap,^ 
constituting a renovated chromatic nucleus which may be termed 
the segmentation-nucleus (Fig. 5, a, n.seg). At this point the 
nuclear membrane disappears and the segmentation - nucleus 
divides by karyokinesis, forming a nuclear spindle which 
becomes elongated until it stretches across the whole body of 
the gametocyte (Fig. 5, a and 5, ac,sp). The two daughter-nuclei 
divide again in their turn, and in this way repeated nuclear 
divisions follow one another in each gametocyte ; but those in one 
individual take place independently of those in the other, and 
are not synchronous (Fig. 5, c). The karyosomes of the primitive 
nucleus are left free in the cytoplasm and are slowly absorbed. 
As the nuclei multiply, their size, and that of the karyokinetic 
spindles, diminishes until it reaches a minimum (Fig. 5, h and d). 
Nuclear division then ceases, and the minute nuclei travel to the 
surface of the body. The cytoplasm of the gametocyte now 
breaks up into a number of small masses each centred round 
one of the tiny nuclei. Each of the small nucleated bodies thus 
formed is commonly termed a sporoblast, but should be dis- 
tinguished as a primary sporoblast, or better still, as a gamete 
(Fig. 6, a). The protoplasm of the gametocyte is not entirely 
used up to form the gametes, but a surplus of residual protoplasm 
is left over, termed the cysial residuum (" reliquat kystal," " Rest- 
kdrper "), which serves for the nutrition of the sporoblasts during 
their further development. In the residuum are found also a 
certain number of degenerated nuclei (Fig. 6, r.^, r,n). 

The next step is the conjugation of the gametes, which takes 
place within the cyst. The cuticle which formed primitively the 
body- wall of each gametocyte becomes dissolved, and the two 
original individuals can no longer be distinguished, since the 
gametes and other protoplasmic fragments derived from them 
become intermingled. The gametes themselves now begin to 
exhibit lively movements, the so-called " dance of the sporoblasts,'' 
which gradually cease as they conjugate in pairs. It is probable 
that in each pair one gamete is derived from one of the two 
parent gametocytes, and the other from the other, but it is by no 
means certain that this is always the case. The two conjugating 
gametes unite completely to form a single zygote or definitive sporoblast, 

^ According to Cu^not the chromosomes are formed independently of the karyo- 
aomes, but it is more probable that, as in Coccidia (p. 216), their chromatin sabstance 
if derived firom a part of that which is stored up in the latter. The more recent 
observations of Prowazek [25a] confirm this su))i)osition. 
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m which the two nuclei also 
fuse, the grains of chromatin 
being intermingled, but re- 
taining their diatinctnew 
(Fig. 6, h, 3»-j~). 

y Each tporoblast now 
becomes a qwra in the fol- 
lowing way. The qx>n>- 
blaat becomeB of oval form 
and secretes on its surface 
a tough membrane or sporo- 
<y^f of a substance resem- 
bhng chitin {Fig. 6, e, Fig. 
7, A, B). Within the 
Hporocyat the nucleus of 
the sporoblast, or, as it 
may now be termed, the 
tforv^asm, divides into two, 
then into four, and finally 
into eight nuclei, by three 
successive amitotic divi- 
sions. The eight nuclei 
take up an equatorial posi- 
tion, and round each one 

^ some of the protoplasm of 
the spore becomes aggre- 
gated, and segmented olT as 
a minute aiclde-sbaped germ 
(Fig. 7, C) termed a sporozoile 
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("falciform body," " Sichelkeim "). The protoplasm of tb« sporo- 
Boites i> finely granular, and when they are formed, a aurpluB of 
coarsely granulu protoplasm is left over from the Bporoplaem as 
the aponii feniuum ("reliquat sporal"). The fully-formed spore 
has in Monocytiia the form shown in Fig. 7, C; it is more or less 
boat-shaped, and resembles a diatom of the genus NavUelia, whence 
is derived the name puntdanaviedla, by which Oregarine spores have 
long been known. The sporocyat is slightly thickened at each 
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pole, and within this very resistent and impervious envelope the 
eight sporozoites are packed lengthways round the centrally placed 
■poral residuum. During the formation of the spores the cyetal 
residuum is slowly absorbed, and the ripe cyst contains only a 
great number of the pseudonavicellae, not arranged in any definite 
pattern (Fig. 8). 

The above account of the conjugation and spore -formation is that 
given recently by Cu^not, whose researches confirm the discoveries of 
Siedlecki with regard to an allied form Lanit««t«rta atcidiae (I^nk.), and 
are in harmony with the still more recent account given by Leger [83] 
for Stylorhynchtit. Cudnot's description of the spore- format ion and the 
events antecedent to it is confirmed in all eaential details bj Cecconi [11] 
and ProwBzek [SOa]. PreviouB to Cudnot the reproduction of MonocyUit 
had only been studied by Welters [29], whose description of the process 
is very diffeient. According to Woltera the sssociation of the two full- 
grown trophozoites or sporonts within the cyst is a true conjugation, 
similar in its details to that known in Actvnophrtft from the researches 
of Schaudinn. Wolters describes the nucleus of escb sporont as dividing 
mitotically to form two nuclei, one of which is given off in a polar body, 
while the other remains as a pronucleua The tn-o nuclei are then stated 
to travel towards the septum formed by the apposition of the cuticular 
body-wallB of the two sporonts, and at one point the septum becomes 
dissolved, permitting the fusion of the pronuclei into a single nnoleus. 
After a time the fusion -nucleus divides into two nuclei, which then 
rapidly divide up to form numerous small nuclei, round which the proto- 
plasm of the sporonts becomes segmented to form the sporoblosla From 
the sporoblaats the spores are formed as above described. 

It is unfortunate tiiat these statements of Wolters, which saem to be 
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totaUj erroneouB, have remained imcoDtradicted for ten yean, during 
wluch time thej have got into numerous text-booka and have beok 
generally aoxpted and taugliL 

The Bpores of Monoe^sAis do not appear to be able to develop 
further in the earthworm, but require to be transferrod to a 
fresh host before they can germinate. How the infection u 
effected has not yet been aacertained in the case of the type 




Rlpa CT>t of irmMidli, ahowLng Uia nunimua tpom (puDdDrwilMUM) Matland wlthiik 
tiM^nt. without >n]r CM'*' rutduuiii pnicnt. (From I^nkHUi.) 

that has been selected for description, and the course of events 
can only be conjectured by analogy from what ia known to 
take place in other Sporozoa. It is highly probable that the 
spores pass to the exterior and are scattered broadcast in the 
earth, and that they are then swallowed accidentally by an earth- 
worm with its food, and so pass into its digestive tract. The 
action of the digestive juices upon the spores has the effect of 
causing the sporocysts to burst open, setting free the sporozoites, 
which are actively motile and possess the power of boring their 
way through cells and tissues. In this way the sporozoites prob- 
ably traverse the wall of the earthworm's intestine and reach the 
refUXKluctive organs, where each one attacks a sperm-mother-cell 
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and there develops ipto the minute trophozoite which is formed 
later within the sperm-morula. With this stage the life-cycle has 
oome round again to the point at which the description of it was 
commenced. 

A few points with regard to the life-cycle require brief further die- 
eoision. It has been suggested that the spores may sometimes germinate 
in the host in which they are formed, and so increase the numbers of the 
parasite within it But the improbability of this occurring is very 
great, as was pointed out by Biitschli, in view of the relatively small 
number of parasites in the trophic stage which are met with, as com- 
pared with the vast number of sporea ^us in a given earthworm there 
will be found in the sperm -sacs perhaps a dozen trophozoites and as 
many ripe cysts. Each of the latter contains, however, at a low esti- 
mate about fifty spores, and each spore eight sporozoitea A single cyst 
contains, therefore, about four hundred individuals, more or less, and if 
it were a frequent occurrence for the spores to germinate in the same host, 
the number of trophozoites in each earthworm might be expected to be 
vastly greater than is usually the case. 

Another question which may be raised Lb whether the Monocydis has 
any method of multiplication during the trophic phase, that is to say, in 
the period from sporozoite to sporont It has sometimes been stated tJiat 
the trophozoites multiply by division during the earlier stages of growtL 
From what ib known of other Sporozoa, there is nothing inherently 
improbable in this view, but it has not been proved satisfactorily 
that such multiplication can take place in Monocyatis, and the above- 
mentioned paucity of the trophozoites is an argument against its 
occurrence. 

With regard to the passage of the spores to the exterior, predse 
information is lacking as to how this is effected. In Sporozoa generally 
we find one of two conditiona In some cases the spores are produced 
in a position where they can leave the body by natural channels, as in 
the numerous instances of sporozoan parasites lodged in the digestive 
tract, when the cysts and spores are cast out with the faecea In other 
cases the spores cannot pass out by natural channels, and are set free 
either by provoking suppuration or other organic disturbance, or by 
the death and break-up of the host. In the case of the Monocydis of 
the earthworm, the spores could only be discharged from the body, in the 
ordinary course of events, by passing out of the sperm-sac with the sperm 
at copulation. They would then be transferred to the spermathecae or 
redeptacula semiuis of another worm, and would pass ultimately inttf the 
cocoon in which the eggs are laid ; but there is no record of their occur- 
rence in either of these situations. It seems more probable that spores 
are set free by the dissolution of their host Very possibly birds or 
some other of the numerous creatures which prey upon worms are the 
agents by which the dissemination is effected. If a bird swallowed an 
earthworm containing spores of Monoofstiiy from which very few worms 
are free, the spores would probably pass unaltered thorough the bird's 
digestive tract Uninjured spores of Gregarines have been observed by 



1 64 THE SPOROZOA 



L. Pfeiffer in the intestines and feieces of yariooB bitda.^ A parallel oase 
is that of the Coccidtum infecting the centipede LithMuiy the spores of 
which, if swallowed by another animal, such as a wood-lonse, pass unaltered 
through it (see p. 221). If this suggestion be correct, it is easy to under- 
stand that any worm-eating bird would be continually scattering spoiea 
of Monocystis on the ground, where they would wash down into the soil 
and be swallowed very easily by worms again. There is, however, no 
direct evidence bearing upon the mode of dissemination of the spores^, 
and the above suggestion must be regarded merely as a more or less 
probable surmise. 

When the spores have reached the digestive tract of their new hosti 
and the sporozoites have been liberated there, the question arises how 
they reach the sperm-saca This problem, however difficult to solve, la 
by no means one peculiar to the Monoeyttis of the earthworm. In many 
other Sporozoa we have instances of parasites affecting some particular 
organ, which invade the body in the first place from the digestive traet 
It must be assumed that the sporozoites have in some way the power of . 
selecting the particular organ they affect, and of migrating through the 
body of the host in order to reach their specific habitat Probably they 
make use of vascular or lymphatic channels in order to arrive at their 
destination. 

General Characters of the Sporozoa, — ^From the above account 
of Monocystie it is seen that the life-history of a typical Sporozoon 
is a single cycle, which may be summed up in the following 
way : * — 

Sporozoit«->-Trophozolt6->-Oametocyte (Sporont) x n Oametes \ , 
Sporozoite->-Trophozoite->-OMuetooyte (Sporont) x n Ouuetes / ''' 

an Zygotes (8poroblMt8>->>n Spores x 8n Sporosoitas. 

The life-cycle may further be divided into three main periods. 

First, the period of growth, during which the minute sporo- 
soite grows by absorption of nutriment from the host into the 
sporont. 

Secondly, the period of proliferation, accompanied by conjuga- 
tion, and resulting in the formation of a large number of germs, 
destined to spread the species. 

Thirdly, the period of rest, during which the parasitic genns 
pass out from the host into the outer world, to effect, if fortune 
favour them, the passive infection of a new host. 

In Sporozoa, considered generally, the life-history is similar in 
the main to that described above, but exhibits, in different forms, 
variations of every kind, in the direction either of greater or 
of less complexity. The deviations from the selected type may 

^ Fide Wuielewtki [7], p. 26. 

' In this and in all subsequent formulae of sporozoan life-histories au arrow is 
used to mean ** becomes" or ** grows into" ; the sign x to indicate a distinct cell- 
generation, a moltiplication of indiriduala of any kind ; and a bracket with the 
•ign + to denote tha occurrenoe of lygoiis or true conjugation and fusion of gametes. 
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be considered from two points of view, according as they affect 
the characters (I.) of the individual stages or (II.) of the whole 
life-cycle. 

I. Each phase of the life-history may be varied or modified in 
structural or other details, in accordance with the special environ- 
ment and conditions of life to which a given species of these 
parasites is adapted. The modifications that occur under this 
head will receive detailed treatment in due course in the systematic 
review of the orders, families, and genera of Sporozoa in the sequel, 
but a few of the more important variations and simplifications may 
be considered here. The trophozoites have commonly, as in 
Monocystis, a definite^ body-form, limited by a cuticle ; but in many 
forms the protoplasm is naked, and the hddy is amoeboid, and of 
indefinite and changeable form. In Monocyslis the gametes are not 
differentiated and the conjugation is isogamous, but in other types 
there may be anisogamous conjugation between sharply differentiated 
male and female gametes. The greatest variation, however, is 
seen in the spores. The number of the sporozoites is usually 
eight in Gregarines, but may be greater or less in other types. 
Hence the spores are distinguished as monozaic, dizoic^ teirazaie, 
polyzaUf and so forth, according as they contain one, two, four, or 
many sporozoites. In the monozoic condition there is no secondary 
multiplication within the sporocyst, but each sporoblast simply 
becomes a sporozoite. In many such cases the sporoblast secretes 
no sporocyst, but becomes a naked gymnospore, resembling a free 
sporozoite. These gymnospores may be formed within a resistent 
cyst secreted round the sporonts, or the cyst may be entirely 
absent. And further, the spore -formation may be preceded by 
conjugation of gametes, or the spores may be produced asezually, 
by the segmentation of a single sporont. 

Hence in an ideally primitive type of sporozoan development, 
the full-grown trophozoite or sporont simply breaks up, without 
previous conjugation or encystment, into a number of naked 
gymnospores, and each of them becomes a trophozoite which is 
similar to its parent, and repeats the process in due course. 

II. The plan and character of the life-cycle as a whole may 
be greatly varied, and secondary modifications or complications of 
various kinds introduced into it. The more important of these 
variations will be briefly described. 

(1) In Monocystis it has been seen that the period of growth 
and the period of proliferation are sharply separated, the latter fol- 
lowing upon the former. The same is the case in the whole order 
Oregarinida, to which Monocystis belongs, and also in two other 
orders, the Coccidiidea and the Haemosporidia. On the other 
hand, in the two orders known as Myxosporidia and Sarcosporidia, 
spore-formation commences at an early stage in the growth of the 
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trophozoite, and spores are formed continually during the trophic 
stage, so that there is no distinction hetween trophozoite and 
sporont. Hence it has been proposed by Schaudinn to group the 
Oregarinida, Coccidiidea, and Haemosporidia together as a sub- 
class Telosparidiay contrasting them with a sub -class Neosporidia 
comprising the Myzosporidia and Sarcosporidia. The Telosporidia 
are Sporozoa in which the reproductive phases follow completion 
and cessation of growth ; the Neosporidia are Sporozoa in which 
growth and reproduction go on at the same time. It is probable 
that this distinction indicates the deepest phylogenetic cleft in 
this class of Protozoa. 

(2) In Monocydis the whole life -history is a single cycle, 
adapted entirely to spreading the infection amongst new hosts; 
it is, in fact, monogenetic. But in many other Sporozoa, belonging 
to either of the two sub-classes recognised above, the parasite may 
be capable of rapid multiplication within the body of its host, 
which it thus completely overruns in many instances. In such 
cases the life-cycle becomes digeneiic, that is to say, it is differentiated 
into two distinct generations or series of generations, the one endo- 
genous or self-infective, the other exogenoxis or cross-infective. In 
the endogenous generations the reproductive processes are usually 
of a primitive type, taking place by binary or multiple fission, or 
by a simple form of sporulation, known as schizogony, in which a 
trophozoite, without encyst^tion, breaks up into numerous gymno- 
spores, implanted on a certain amount of residual protoplasm. The 
sporulating individuals in this case are termed schizontSy and the 
gymnospores are known as merozoiteSy to distinguish them from 
the sporozoites of the exogenous generation. After a number of 
endogenous generations, the parasite soon or later reproduces itself 
by exogenous generation or sporogony, with the formation from 
sporonts of resistent spores that can be disseminated outside the 
body of the host. In monogenetic types the life-cycle consists of 
sporogony alone. 

(3) Considerable differences are seen in the manner in which 
the infection of a new host is brought about. The vast majority 
of Sporozoa appear to be disseminated passively, and the spores 
are taken up directly, in an accidental manner, by another host of 
the same kind as that from which they came. Should the spores 
chance to be devoured by an animal of another species, they will 
either be digested completely or will pass through its body un- 
altered. Only in their proper host do the digestive juices have 
the effect of liberating the sporozoites without harming them. In 
some cases, however, especially amongst Sporozoa parasitic in the 
blood, an intermediate host has been acquired, and is the agent 
by which the parasite is disseminated. The best-known instance 
of this is found in the malarial parasites, and is fully described 
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below. Here the endogenous generations multiply by schizogony 
in the blood of a vertebrate host, until sporonts are formed, which 
must be taken up by a blood-sucking insect, such as a mosquito, 
in order to develop further. In the invertebrate host the exo- 
genous generation takes place, and the sporonts give rise, by 
Bporogony after conjugation, to a number of gymnospores or 
sporozoites, with which the vertebrate host is again inoculated. 

In Sporozoa up to the present three modes of infection have 
been observed. The first and commonest method may be termed 
caiWjX infection, where there is no intermediate host, and the 
infection is acquired by swallowing spores accidentally with the 
food. In the malarial parasites the infection is effected by the 
inoculaiive method, through the agency of an intermediate host. 
The third method is that of hereditary infection, a rare type, but 
known in at least one instance, the silkworm-disease produced 
by the myxosporidian parasite Glugea bombycis (see p. 290), and 
possibly occurring also in the tick- fever parasites of cattle and 
other mammals (p. 262). In the first of these two instances the 
parasites penetrate the ovum and produce spores there, which 
germinate and infect the next generation of the host. It is 
possible that to these three modes a fourth should be added, 
which may be termed the corUagious method, seen in the parasites 
which cause certain human skin-diseases (p. 238), but the sporozoan 
nature of these bodies is by no means demonstrated with certainty. 

Classification of the Sporozoa, — At least five well-established orders of 
Sporozoa are generally recognised — the Gregarinida, Coccidiidea, Haemo- 
sporidia, Myxoeporidia, and Sarcosporidia. In addition, there are three 
orders which are at present less well known and of very uncertain value 
— the Haplosporidia, Seroeporidia, and Exoeporidia. The organisms 
formerly known as Amoebosporidia must now be included in the 
Gregarinida. 

Many ways of grouping theae orders into higher subdivisions or sub- 
classes of the Sporozoa have been proposed. Labb^ set up two sub- 
classes : (1) Cytosporidia, in which the trophozoite is intracellular, either 
throughout the trophic period or at least in the earlier stages of growth ; 
(2) Histosporidia, in which the trophozoite is an intercellular tissue- 
parasite. The Cytosporidia comprise the Gregarinida, Coccidiidea, and 
Haemosporidia ; the Histosporidia include the Myxosporidia and Sarco- 
sporidia. The grouping proposed is a natural one, but the distinction^ 
on which Labb4 founded it have not the value which he attributed to 
them, since the young stages of the Histosporidia are intracellular as 
often as they are intercellular. Labbd now [4] subdivides the class into 
Cytosporidia, defined as having "no spore, or a simple spore without 
polar capsules," and Myxosporidia, having " the spore furnished with polar 
capsules containing an evaginable filament," while the Sarcosporidia are 
relegated to the Sporozoa incertae sedis. 
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Delage and Hdrouard [2] in their daasification made use of the char- 
acter of the sporozoite or protoplaamic germ within the spore, and divided 
the class into (1) Rhabdogeniae, ** with sporozoite of definite form, generally 
fftlciform (arqu^e) " (Gregarinida, Coccidiidea, Haemoeporidia, and Saroo- 
sporidia) ; and (2) Amoebogeniae, ''with amoeboid sporocoite" (Myxo- 
sporidia). This classification has the disadvantage, however, of sepan^iiig 
the two nearly allied groups M jxosporidia and Sarcosporidia, and it has 
not been followed by any subsequent writers. 

Mesnil [6], making use of names invented by Metschnikofl^ divides 
the Sporozoa into Ectospora (Qregarinida, Coccidiidea, and Haemoqwridia) 
and ^dospora (Myxosporidia, Sarcosporidia, and Haploeporidia). In the 
Ectospora, the sporulation takes place at the close of the trophic period, 
and the spore-mother-cells (sporoblasts) are formed at the periphery of 
the sporont ; in the Endospora, spore-formation goes on during the growth 
of the trophozoite, and the spore-mother-cells (pansporoblasts) are cut off 
in the interior of the body (p. 283). 

In the sequel the classification of Schaudinn into two groups, Telo- 
sporidia and Neosporidia, as defined above (p. 166), is followed. It is seen 
that, as compared with the classifications of Labb^ and Mesnil, the dia- 
tinction depends rather on the mode of defining the two subdivisions 
than on essential differences in the plan of grouping the orders. 



SYSTEMATIC REVIEW OF THE SPOROZOA 

Sub-Class Telosporidia. 

Sporozoa in which the reproductive phase of the life-cycle is distinct frorn^ 

and follows after ^ the trophic phase. 

Order 1. Ghregarinida. 

The Gregarinida, commonly known as Gregarines, are an order 
of the Sporozoa remarkable for the degree to which structural 
complexity of the individual, and adaptive specialisation of the 
species, are carried. On the other hand, the life-cycle is usually 
extremely simple. It might, in fact, be said, speaking generally, 
that the Gregarines are the highest of the Sporozoa from the 
standpoint of morphology, and the most differentiated from the 
point of view of taxonomy, but are at the same tinle amongst the 
simplest as regards reproductive phenomena. Their distinctive 
characters are as follows : — The trophozoite commences its growth 
typically as an intracellular parasite, usually, if not always, of an 
epithelial cell ; never of a blood-corpuscle. It soon outgrows the 
host-cell, and bulges from it, and finally drops out into an internal 
cavity of the host, usually the digestive tract, but often the 
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haemocoele (blood-vesselB or body-cavity), and Bometimes the true 
coelom. Here it continues to grow, absorbing nutriment from its 
host) until it becomes a ripe, full-fed sporont. It then encysts, 
with or without previous association with another of its kind, and 
the process of spore-formation or sporogony commences. Sporo- 
blasts are formed which usually secrete sporocysts and give rise 
to spores, and within the spore-envelope the sporoplasm breaks up 
into sporozoites, eight in number as a general rule. In a few rare 
instances there is endogenous reproduction by schizogony, in 
addition to the ordinary sporogony. 

As has been said above, the Gregarines were the earliest Sporozoa to 
be observed and studied, on account of their large and conspicuous size. 
The history of the group may be said to commence, for all pmctical 
purposes, with the founding of the genus Qregarina by Dufour in 1828. 
From that time onwards numerous observers, amongst whom Aim4 
Schneider and L^ger deserve special mention, have added to our know- 
ledge of the abundance of genera and species of these parasites, or 
have studied the details of their life -history and development 
Nevertheless, it is only in the most recent times, practically in the 
new-bom twentieth century, that the f&cts concerning the conjugative 
processes have become accurately known, largely in consequence of 
renewed investigations upon them stimulated by the interesting dis- 
coveries made in other orders of Sporozoa. 

Occwrrence, HabUaiy etc. — The Gregarines are confined for the 
most part to invertebrate hosts, and have never yet been found in 
any craniate vertebrate. The great majority of them lead blame- 
less lives in the interiors of various arthropods, to which the 
segmented forms comprised in the sub-order Cephalina are almost 
confined. The unsegmented forms are found commonly, however, 
in other groups also, especially in echinoderms, in annelids, 
including gephyrea and hirudinea, and in tunicata. A few have 
been recorded from turbellaria, nemertines, and enteropneusta, 
and a doubtful species is known from Amphioxus. In molluscs, 
however, they are almost unknown, the single recorded instance 
being a species from the body -cavity of Pierotrachea. Thus the 
Gregarines are to a large extent the opposite to the Coccidia in the 
matter of the hosts they affect, the arthropods alone being ground 
common to the two orders. 

The infection of the host is probably effected in all cases by 
way of the digestive tract, and the sporozoites, when liberated 
there, proceed to attack the lining epithelium. In some cases 
the sporozoite traverses the epithelium without stopping, passing 
on into the haemocoele, as in Diplocystis of the cricket, or into 
the coelom or one of its subdivisions, as in Monocystis, In other 
cases it remains attached to an epithelial cell only by a small 
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portion of tbe body; the intracellular stage or "Coccidi&n 
phase" being practically suppressed. In other cases, again, a 
large portion of the body, containing the nacleus, 
is imbedded in the epithelial cell, while the rest 
of the body projects freely from the host- cell. 
But in typical cases the youngest trophozoites 
are found as intracellular parasites, completely 
enclosed by a cell of the epithelium, either of the 
gut or some of its diverticula. In this situation 
the parasite grows rapidly, and soon becomea 
larger than the hoBt<;eIl. The trophozoite then 
falls out of the exhausted cell, usually passing 
inwards towards the lumen of the gut, sometimes, 
however, outwards into the vascular system or 
body-cavity. Gregarines in the latter situation 
I are commonly termed "coelomic," without distin- 
guishing whether the body-cavity in which they 
. true coelomic space or a part of the 
haemocoele. Coelomic Gregarines, in the latter 
sense, occur very frequently in insects (Fig. 9), 
and in many cases a Gregarioe may occupy 
different situations at different periods of the 
life of its host. It commonly happens that a 
Gregarine inhabiting the digestive tract of an 
insect-larva passes through the wall of the gut 
at the metamorphosis, and so becomes a coelomic 
Gregarine in the imago. 

The young trophozoites have been shown to 
have remarkable effects upon the cells in which 

, they are parasitic. The infected host-cell passes 

o iiiow through two successive phases — first one of 
coDiomtcOregicins hypertrophy, then of atrophy. The facts have 
SSkJ. JSJus^"'*' been investigated by Laveran and Mesnil [16], 
and still more recently by Siedlecki [2SJ, in 
several species. The youngest trophozoites of Lankesteria ascidiae, 
studied by Siedlecki, place themselves deep in the basal portion 
of the epithelial cell, the region where the protoplasm of the cell 
is least differentiated for secretion (Fig. 10, a). The nucleus 
of the host-cell soon begins to appear swollen, its chromatin 
network becomes loose and stains in a diffuse manner, and its 
nucleolus increases greatly beyond the normal size, acquiring 
irregular contours and often dividing into several parts. Hyper- 
trophy of the nucleus is soon followed by that of the cytoplasm, 
which appears clearer than in the adjacent cells, apparently as the 
result of a sort of liquefaction. The protoplasm becomes difficult to 
fix, and always stains much more feebly than the protoplasm of 
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neighbouring cells. The Qregarine meanwhile ie also increasing 
in size, and its rate of growth exceeds that of the infected cell. 
When it is large enough to fill the hypertrophied host-cell, 
degeneration of the latter commences (Fig. 10, h). Its nucleus 
shrinks, becomes crescent-shaped, and finally becomes a flattened 
corpuscle which stains strongly and consists of debris of chromatin. 
At the same time the cytoplasm is absorbed until it forms a thin 
skin enclosing the Qregarine, and is finally cast off with it from 
the epithelium. It is remarkable that in other cases a similar 
Beriea of changes may be provoked in the epithelial cell after the 
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Gregarine has grown out from it, and is attached to the cell only 
by a minute point of contact (Fig. 11). 

In many cases a Gregarine, after having been set free from an 
epitfaelial cell which it has destroyed, may secondarily attach itself 
again to the epithelium (Figg. 12 and 13). Although such second- 
ary attachment may be exceedingly complicated, and may affect a 
large number of epithelial cells, as in Pterocephalus (Fig. 12), never- 
thelesB it only produces mechanical alterations in the cells, and never 
has the marked efi'ects which result from the primary attachment. 

It is thus seen that the Gregarine destroys completely the cell in 
which it ia parasitic at the commencement of its career. Never- 
theless Gregarinee appear to be extremely innocuous to their hosts. 
Since they do not reproduce themselves by schizogony, except in 
a very few instances, they do not overrun their host in the way 
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that the Coccidia or Haemosporidia do. Though a given hoit often 
oonUinB a considerahle number of Gregarinee, it mu»t be Bup- 
poeed that they represent simply the batiAee of eporoKiitei derived 
from several distinct infectiona. The ftpithelial cell that each 
individual Gregarine has destroyed is not missed, and the injury 
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is easily repaired. The nutriment that the Gregarinee absorb in 
the gut of the host seems to be a tax lightly borne. There is, in 
short, no record of any pathological effects produced by these 
parasites beyond those already noted in the case of the host-cell. 

Morphology atid Life-kistory. — Since a typical Gregarine has 
already been described in Monoeyttit, it is only necessary to review 
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brJeSy the variationa exhibited b; this order u compared vith 
the type selected for description. 

The body-form and external characters of the trophosoite 
furoiah sharp distinctions for claMificatory purposes. The funda- 
mental type of body-form may be described as a sphere or ovoid. In 
many species this type of form is very nearly retained ^Fig. 22), 
especially in the non-motile ooelomic forms, which often have a 
great resemblance to ova. More usually, however, the body 
becomes strongly elongated in one direction, a mode of growth 
correlated either with attachment by one pole or with forward 
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movement in a definite direction. In many cases the body is 
extremely drawn out and attenuated, becoming vermiform in 
character (Fig. 1). 

In the sub-order Acepbalina, of which Mtmocyitia is an example, 
the body remains simple and is not subdivided into different 
regions, whatever its form. The Cephalina, however, are, with 
few exceptions, septate, that is to say, the body is divided by 
septa or partitions into distinct chambers or segments, usually 
tltfee in number. The septate condition is brought about in the 
following way. The sporoioite penetrates an epithelial cell {Fig. 
14, b) and grows within it into an oral body, which at an early 
stage cannot be distinguished in any way from a young Mono- 
cystid, or even from a Coccidian parasite (Fig. 14, c). Very soon. 
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bowever, the young trophozoite grove ont fiom tbe hMt-cell, and 
its Ducleua travels ont into that portion of the body which projects 
. from the cell (Fig. 14, d, «). The free extremity of ths Ore^iine 
body continues to grov, while the intracellular portion beonnei 
cnticutariBed and forms simply an organ of fixation, commonly 
called the epimerUe, The extracellular Oregarine body becomes 
now divided by a septum into two chambers, one smaller proximal 
{i.e. nearer the host-cell and the epimerite), termed the pntomerite, 
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and one larger distal, termed the deutomerite, which usually contains 
the nucleus (Fig. 14, /); abnormal forms are sometimes found, 
however, in which the nucleus is lodged in the protomerite, owing 
apparently to precocious formation of tbe septum, before the 
nucleus had reached its distal position. 

The young trophoioite in the Cephalina remains attached to 
the hoHt-cell for some time by its epimerite (Fig. 15). In this 
condition it is known as a cephalont. Soon it becomes detached 
and set free by a rupture of the junction between the epimerite 
aod protomerite (Fig. 16). The epimerite remains sticking in the 
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witbered remaioB of the host-cell, and the Gregarine body, com- 

poeed of protomeritfl and deutomerite, is free in the gut, where 

it continues its growth and further development. The frs« 
Oregarines are commonly termed tpormUs. 

The epimerites of OregorinM show everj varietj of Nie, shape, and 
pattern, and may be ornamented with hooks, spines, and other appendages 
(Fig. 17). They function as organs of attachment, as has been said, and 
probably also as oi^ans of nutrition, since Laveran and Mesnil [16] hare 




tf UtTdariui, l4rvij 



/. Omtloidi 
Hn. (far. L... 



&ylorh]richiti longlmUU, BUfn <pu. Blapt n 

_... I — ,.-,... , .. ' Contloida crltiUtu (Ltgtiy, I 

B. (p»r. LUxUnla, UrT»); i| 



ill.), (|«r. Mrwono 



HOobiiu ftr-ftalm) : i, 
Wuialevikl, ifut Ligtr., 

shown that they evoke changee 
as the result simply of mechu 



. , ^ MoWa' ji™u.fL*r), (^. Iter-' 
(LtgtiY (nr. Htdnbtut to., iMiyt): g, Uinito- 
-n); k, HAitumrra tii^Ja (A. Bchn.), tp«r. 
A. Sebn. (per. Seolorindra ipp.). (From 

the host-cell which cannot be explained 
ical irritation. The poaeession of an 
epimente is a feature which is used for classifying the Oregarines, and 
the l^on Eugregarinae is separated into the two sub-orders CephaUna and 
Acephalina, accotdiug to the pi-esence or absence of this appendage. Aa 
a geoeial rule the forms which posBeas an epimerite have the body 
behind it divided into protomerite and deutomerite by a septum, and 
have hence been termed Polycyilida sen S^tata (lAnk.), while those 
without an epimerite are also without a septum ; hence Motmeyitida 
sen Haploeyla (I^nk.). But in one family, Dolioeyitidat, I^bb^, an 
epimerite is present, and may attain a wnsiderable size, as in Dolioeyitit 
{Monoeyitu} apKrodila* (£ B. L), without any septum dividing the rest of 
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the bod J (Fig. 1 9). It is purely a nutter of definition whether these formi 
be considered as Cephalina without a Mptum, or aa UonocyitidA with «n 
epiiuerite. The Cephalina in which the body is non-teptata ue aonw- 
times diitinguished as Dicjstida from thoee in which there is a dittinct 
protomerite and deutomerite ^riejvtida). These terms are to be nnder- 
•tood, however, in a purely deacriptive sense, and cannot be used for 



clasiificatory purposes, as there is no doubt that many djcystid species 
are derived from tricyatid forms secondarily, by obliteration of the 
protomerite (Fig. 18). On the other hand, such forms as the Doliocyittda* 
(Fig. 19) and StUnidium (Fig. 46) appear to be truly and primitively 
dicystid, and are to be regarded as intermediate forma transitional from 
Acephalina to Cephalina. 

In the aberrant forms comprising the legion Schizogregarinae, the 
unsegmented body grows out into iriegular procoees, which give it an 
amoeboid appearance, whence these forms obtained their older name, 
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Amoebotporidio. Recent (ftwemtioiu have «howii, however, that thm 
proceHca an not poeudapodia, but are ttiff ontgrowthe of the bodj, olothed 
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Gregarinee,and ods which 
baa a marked influence 
in many cues on their 
external form and appear- 
ance, ia their tendency to 
form aaaociationa during 
the trophic period, a 
peculiarity from which 
the type-genus Oregarina 
probably derives its name. 
In Monoct/tlia it haa been 
seen that two individuals 
come together when full- 
grown and become asaoci- 
ated to form a cyst in indiirtdmii of'wi Mtw JrweiM (( , 
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In the DiplocysiU found in the body cavity of the cncke^ 
young trophozoites become asaocwted in couples almost immedi- 
ately after leaving the host-cell and according to Cu4not, no 
Bolitary individuals are to be found above a certain siee, lince 
all the old maids die off. In Dxplocpstts major the two aesociatea 
retain their distinctness, but m Dxploafstts mtnor each couple 
becomes eurrounded by a common membrane (Fig 22) In 
Cystohia holothuriae early association has still more far reaching 
results, since a fusion, complete except as regards the nuclei, of 
the two trophozoites ukes place, so that the appearance of a 
single Oregarine with two nuclei is produced with no trace of 
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any septum between them (Fig 23) Uhite in the cases 
mentioned the association is undoubtedly a preliminary to the 
conjugation of gametes, it is more difficult to interpret the 
peculiar aggregations known as sy^ygtes commonly seen in many 
species, especially amongst Cepbalina Free Greganne individuals 
become attached to one another the anterior extremity of one 
adhering to the posterior end of the other (Fig 24 a) Usually 
such a syzygy consistB of two individuals, but may be composed 
of a chain of half-a-dozen or more (Fig. 24, c). The most anterior 
individual is termed the primiU, those behind it the satellites. The 
latter are always individuals which have lost their epimerites, if 
they belong to the Cepbalina. The Byzygy does not necessarily 
take the form of a simple chain. Two satellites may be attach^ 
side by side to the hinder end of the individual, pi'imite or satellite, 
in front of them (Fig. 24, b). In some cases the individuals com- 
posing a syzygy are loosely attached and easily separated from 
one another, and the members of it are not modified in any way. 
In other cases the association is more intimate, and the satellite 
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or satellites may become modified io structure. In segmented 

forms this alteration affects chiefly the protomerite, which may be 

reduced or even absent. Thus in the genus Dui^mophya syzygies 

of two individuals are 

formed in which the 

satellite loses its 

protomerite entirely, 

so that the resulting 

combination looks like 

a three - chambered 

Gregarine with two 

nuclei (Fig. 26, a). 

Although in many 
cases the syzygies 
appear to be tem- 
porary attachments 
which have no con- 
nection with the sub- 
sequent reproductive 
phenomena, it u prob- 
able that as a general 
rule they represent 
associations of indi- 
viduals destined to 
form conjugating 
gametes as described 
for Monoeystis, especi- 
ally in those cases 3in, iL 
where the union of wm^iTS^m 
primite and satellites 
is an intimate one, as in Didymopkyes and Others. Having regard 
to the manner in which conjugation takes place, there is no reason 
why any number of sporonts or gametocytes should not come to- 
gether to form gametes within a common cyst, and the presence 
in a cyst of more than two sporonts appears to be of frequent 
occurrence in some species. 

The body of a Gregarine trophozoite always consists of cuticle, 
ectoplasm, and endoplaam containing a nucleus, but each of these 
parts are subject to considerable variation in structure. 

The cuticle or eptcyte is a membrane secreted by the ectoplasm, 
usually of some thickness, and appearing doubly contoured in 
optical section (Fig. 26, c). Sometimes it can be broken up into 
fine vertical lamellae corresponding to the ridges presently to be 
described on the external surface. As has been said above, the 
cuticle is often produced into hooks or spines or other organs of 
fixation, especially on the epimerite. On the other band, all euch 
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{voceues may b« wanting entirely. The sarface of th« cntiele u 
not amooth, however, but haa a delicately ribbed or flutMl 
■tructore, producing fine etriation* which run in a meridional 
direction from pole to pole. A* a rule there are no opening! « 
visible porea of any kind in 
the cuticle, but, according 
to Siedledd, a pore eziata 
at the anterior end of Lm^- 
kuteria oMidiae, from which 
ia protruded a minnte 
peeudopodium-like proeeM 
which Bervea for the 
secondary attachment of 
the trophoxoite to an intea- 
tinal cell of the hwt, and 
porei are stated to exist in 
the longitudinal furrowt of 
the cuticle, as deaoribed 
below. 

The ectoplasm is a 
clear, hyaline layer of 
tougher protoplasm which 
in the motionleaa forms 
shows DO special differen* 
tiation. But in moat 
Oregarines, correlated with 
^1^ jj the power of active move- 

TiuhuoiiMotiHdvwrtM.. «,D.M™i«o,Buto ment, the deeper layer of 
ru-'Xr.lTK.t^Sr.^prrn; ^he ectoplwm contains a 

D. ftfantH, Bull) (pu. Oryita laHamW), nphsloat. Bygtem 01 COntractUe IlOrUS, 

»iirt»;<«*,d.itoiiwHt.;ii,o«!fen». marking off a deeper 

myocyte from a more super- 
ficial urcocyfe layer of the ectoplasm (Fig. 26, m./, se). The tarcoqrte 
ia prolonged inwards to form the septum separating protomerite 
and deutomerite, when this division is found. The fibrils of the 
myocyte (Figg. 26, m./, and 27) run in a more or less ciroalar 
direction, with numerous oblique junctions and anastomoses, so 
that the system as a whole is more or less net-like. 

The movementa of Oregarinea are often very active, though 
some forms appear perfectly motionless. Two kinds of move- 
ments are commonly seen. In the first place, the body manifests 
contractions of various kinds, without changing its pl&ce as a 
whole. It may bend and straighten again, or may exhibit ring-like 
constrictions which paes down the body in a manner resembling 
peristaltic movement. The latter is a very characteristic form of 
activity, and resembles greatly the " metabolic " form-changes seen 
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ia many Flagellata, auch as Evghna, for which reason these move- 
tnents were termed by Lankester "euglenoid." In the second 
place, many Oregarines possess the power of gliding forward at a 
great pace without any noticeable change of form, and without 
any apparent mechanism for producing their rapid progression. 

The contractions and euglenoid movements of the Gregarine 

body are sufficiently accounted for by the myocyte-fibrillae, if the 

latter be assumed to be endowed with a power of contractility 

similar in its action to that of 

^ ^ ordinary muscle-fibrils. But the 

gliding movements of Gregarines 

L^^ have always been a great puzile. 
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Tbe first satisfactory attempt at an explanation was given by 
SdMwiakofi* [26], who accounted for the forward progression by 
the extrusion of gelatinous fibres from the binder end of tbe body. 
Hie fibres in question are derived from a clear homogeneous layer 
lying between the cuticle and the sarcocyte, and pass out 
from the body through minute slit-like pores in the furrows be- 
tween the ridges of the cuticle ; they then run backwards in tbe 
furrow towards the posterior end of the body, becoming stiffened 
by the action of the surrounding medium, and project free from 
the hinder end of the animal. The numerous threads thus 
produced form a hollow cylinder which by its continued growth 
and elongation pushes the Gregarine forward. SchewiakotTs 
explanation has met with general acceptance, but very recently it 
has been criticised by Crawley [12]. This author confirms the 
extrusion of a gelatinous substance, but denies that it it the cause 
or agency of progression, or could possibly be so in many cases, 
•specially in the elongated serpent-like forms, such as Poraipora 
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giganleaf for example (Fig. 1). He attributes the forward pro- 
gression to transverse movements of the body-surface, produced by 
the myocyte layer, and manifesting themselves " as a shifting of 
the cuticular striations in a direction at right angles to the long 
axis of the animal." A muscular impulse of this kind, starting 
anteriorly, passes along the body towards the hinder end, and 
causes differences in the contact of the body with surrounding 
objects. The wave of disturbance travelling along the surface of 
the body brings about a movement of the Gregarine in a direction 
opposite to that in which the impulse travels, and tends also to 
cause a swinging movement of the body from side to side, which, 
according to Crawley, can be observed very frequently in the 
forward progression, especially when the Gregarine encounters an 
obstacle in its path. Crawley thus refers the forward movement 
to the contractility of the myocyte, and points out that "in 
general, throughout the Sporozoa, the possession of muscle -fibres 
and the power of moving from place to place go hand in hand, while 
the forms which are not known to move lack muscular elements." 

The endoplasm, the nutritive layer of the body, is of a more 
fluid nature than the ectoplasm, but does not exhibit any of the 
flowing movements often seen in other Protozoa. It is always 
crammed with great numbers of granular enclosures, representing 
reserve nutriment stored up for the reproductive period of the 
life-history. It is rare for the endoplasm to be vacuolated. The 
granules increase in number as the animal grows, and render the 
adult trophozoites very opaque, especially when they attain to a 
large size. The most abundant and largest kind of granules are 
the paraglycogen spherules, always present and sometimes attain- 
ing a diameter of 10 /x. They consist of a substance allied to 
starch and glycogen, and are characterised by the following 
reactions : Iodine tinges them brown, changing into violet on 
addition of dilute sulphuric acid ; they are not dissolved by pure 
acetic acid, weak mineral acids, alcohol, or ether ; but they are 
soluble ill dilute solution of potassium carbonate and in con- 
centrated mineral acids. Other sorts of granules may be found in 
various Gregarines, but do not occur universally in all species. 
Such are the so-called carminophilous granules, of irregular form, 
and composed apparently of an albuminoid substance which is 
stained red by picrocarmine and acetocarmine, yellow by iodine ; 
"pyxinin" granules, characteristic of the genus Pyxinia; fat-globules; 
and occasionally protein crystals and other more or less enigmatic 
enclosures. 

The nucleus is always single, with the apparent exceptions due 
to precocious association already mentioned (Fig. 23). It has the 
form of a large spherical vesicle surrounded by a very distinct 
membrane, and appears in life as a clear space in the opaque. 
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granular endoplasm. Within the membrane is a fluid nuclear 
sap in which float one or more karyosomes, held in place by a 
delicate nuclear reticulum. Each karyosome is usually a spherical 
body of vacuolated structure, as described for Monocystis. Some- 
times the karyosome is drawn out and band-like (Fig. 44) or beaded.' 
As a general rule, however, the nuclei of Gregarines exhibit a 
monotonous uniformity of structure and appearance. 

The reproductive phase of the life-history is usually initiated, 
as has been said, by the association of two or more sporonts, but 
not infrequently a single Gregarine may become encysted by 
itself, without pairing with another. In this case the sporont 
breaks up into sporoblasts at once, a fact which may be expressed 
in another way by saying that the gametes develop without 
conjugation into spores, a proceeding which may be compared to 
parthenogenesis. In such cases the spores are smaller than those 
produced from zygotes. 

The cyst is a structureless membrane secreted by the associated 
sporonts. Its function is to afford protection to the reproductive 
phases, and when once it is fully formed, subsequent develop- 
ment can proceed outside the body of the host. The cyst-wall 
consists commonly of a gelatinous outer layer, often of considerable 
thickness and showing concentric striations termed the epkyst^ and 
a tough inner membrane, the endocyst. Some interesting mechan- 
isms are found which have as their object the facilitation of the 
escape of the spores from the cyst. In the majority of cases 
the cysts dehisce by rupture of their walls, brought about by 
swelling of their contents, and in particular of the residual proto- 
plasm, or by contraction and shrinkage of the cyst-wall, or by 
both causes combined. In other cases the residual protoplasm, 
after the sporoblasts are separated off from it, undergoes further 
development to produce a special mechanism. In the families 
Dadylophoridae and Stylorhynchidae, the residual protoplasm forms 
a compact mass which becomes surrounded by a membrane and 
gives rise to a structure termed a pseudocyst^ which gradually 
swells until the true cyst-wall is burst asunder. In several genera 
of Oregarinidae ( = Clepsydrinidae auct.) the cysts are remarkable for 
the possession of sporoducfs (Figg. 28 and 42), long tubular out- 
growths through which the spores can pass out to the exterior. 
These ducts are also formed from the residual protoplasm, which 
take up a peripheral situation within the cyst, surrounding the more 
centrally placed spores. It then secretes a membrane immediately 
internal to the cyst-wall, and also gives rise to a variable number 
of tubes, usually six or eight, but sometimes only one, which at 
their first formation run inwards from the periphery of the cyst, 
but later become everted to form the sporoduct. 

The conjugation, so far as it has been observed, conforms to 
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th« type deaeribed above for M<moc}itiu, or takes pUc* in a nuimer 
•Mtly deducible from it (Fig. 29). In Mmteefilu, Lamlcaltria, 
J)iplietfitu, etc, there i> perfect iaoguny ; the eonjugating gunatea 
ue not diatingnUhable from one another, and do not fall into 
two cUuM*. In the Cephalina, on the other hand, aniaogamy 
of a highly differentiated type appean to preraiL In Stglo- 
rkfnekui lAger [33] haa recently deaeribed aniaogamout oonjuptum 




Cjrit of OrMortM lauBJurr 
ftontiu (p.) witb ■ liDglt. ' 
dntt. (FromWuttlewiik' — -- 



of a very interesting type. Two Bporonts atiociate and become 
encysted together : one of them gives rise to motile active gametee 
termed male, the otber to non-motile pasaive gametea termed 
female. The sporonti themBelveH, therefore, may be considered 
to be potentially male and female. Each sporont occupies one- 
half of the cyst, so that a male and a female chamber can be 
distinguished. Each sporont breaks up into a number of primary 
sporoblastB or gametes, and at first the gamet«s formed in each 
chamber are simply little protoplasmic spheres (Fig. 30, a), aa in 
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Monoefttii, but soon become differentiated. Thoee in the female 
chamber are smaller (about 7*6 /< in diameter), without much 
reeerre material, and do not acquire ' any further structural 
peculiarities (Fig. 30, e). Thoee in the male chamber are larger 
and have more reserve material, and develop into motile gametes 
with the following structure (Fig. 30, b, e, d). The body is fusi- 
form or cylindncal, about 13 ^ in length, with an anterior clear 
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lianKitDnti 

In tbaaia- 
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In Uia laft lowsi quadnnt tfaa ^mataa an mn uniting In pain ; tha ri^t 1o __ , 

ahowa tbafiuloD of Uia nDolat-; aod In ths right nppar quadnnt anaaan oaniplata ■Tiotaa oc 
dallnltlva iporoblaata. t, Stattea In tha dlHilon of Uia Duclfl of Iha aporoblaata, vhldi at tta* 
aama tin* MaaDia an oval lOnn. Tha divlalon of tha noclaoa takea placebo th«dlnct nutlKid 

iponnottaa dutvad from Uia eight DBclel of tha apotoblaat Two aporsa an aaan loetOM- 

and a posterior granular, extremity. The anterior end is prolonged 
into a rostrum terminating in two little horn-like processes. The 
posterior end bears a flagellum about 27 ^ in length. The auclsus 
is at the anterior pole of the body and conBista of chromosomes 
not enveloped in any membrane. The flagellum is continued from 
the base forward through the body of the gamete as a delicate 
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axial filament which terminates in a deeply staining granule 
placed just behind the nucleus. The male gametes become free 
within the cyst and penetrate the female chamber, the rostrum 
being directed in front. . They each seek out a passive female 
gamete and unite with it, often when still incompletely developed 





^V\ 






Fio. 80. 

Development of the gametes, and fertilisation, in StylorhynOiu* longicoUit, Stein (par. Blopt 
mortimtffa). a, undifTerentiated gamete, still attached to the body of the parent gametoeyte. 
bt e. d, atages In the evolution of the motile male gamete ; the body elongates and beoomea 
prolonged posteriorly into a vibratile caudal filament, the nucleus being placed at the anterior 
end, trom which a short rostrum grows out ; from the distinct centroeome an axial filament is 
prolonged through the bodv as far as the caudal filament, which appears to be a continuation 
of the axial filament ; a prolongation of the axial filament in the opposite direction mna round 
the nucleus and formn the axis of the rostrum (L4gerX The fUlly mature gamete, d (" sperma- 
tosoid," I>ger), has the nucleus very condensed and the axial thread doubled, both in the 
body and in the rostrum ; but as a rule the conjugation is hastened and takes place when the 
male gamete is In the still Immature stage shown in c ("spermatid" of L^r). «, mature 
female gamete, only differing from a in the loss of the stalk attaching it to the parent body. 
/, a "spermatid " coi\jugating with a female gamete, g, later stage of the conjugation ; the 
protoplasm of the two rametes has fused into a spherical mass and the nuclei are ftislng. li, 
lygote (sporoblastX witn single nucleus, i, spore, with spore-membrane and single nucleus 
preparing for division. (After I/ger, x 1900.) 

(Fig. 30, /). The flagellum drops off, but the bodies and nuclei of 
the gametes fuse and the zygote forms a spore in the usual way 
(Fig. 30, g, hy i). The conjugation occurring here is remarkable 
in that the gametes are the opposite, in some points of their 
equipment, to the general type of differentiation in anisogamy, 
since the active male element is as large or larger than the passive 
female, and as well provided with reserve material. In PterocephcUus, 
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on the other hand, L^ger and Duboacq [24] have described conjuga- 
tion between gametoa differentiated in a manner more in accord- 
Knee with accustomed types of anieogamy. The gametes formed 
in the female chamber resemble telolecithal ova, having the 
nucleus situated in a patch of formative protoplasm at one pole, 
while the rest of the cell is occupied by coarse vitelline granulee. 
The male gametes, on the contrary, are very minute, like those 
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of Coccidia, and consist almost entirely of chromatin substance, 
nearly the whole protoplasmic body of the male gametocyte being 
left behind in the male chamber as residual protoplasm, from 
which the pseudocyst (see above, p. 183) is formed. The body of 
each microgamete is described as being filamentous, 5 or 6 /< 
in length, with a refringent rostrum anteriorly and a tlagellum, 
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about double the length of the body, poiteriorly, and aa bearing 
an tindulating membr&ne which runs in a loose apinl {rom the 
roatrum to the baae of the flagellum. The uicrogametes fertiliae 
the "ova" in the usual way. 

Another and interesting variation in the type of eonjngatioa 
has been described by Liger [21] in the genus OpJlrjroqrifu %& the 
Schiiogregarinae. Here perfect isogamy obtains, combined with 
reduction of the gametes. The sporonts become encysted to- 
gether, aepsrated at first by a septum (Fig. 31, &/). In each the 
nucleus divides into two, and one daughter nucleus degenerataa 
(Fig. 31, q). The remaining nucleus divides again, and ^ain one 
daughter nucleus degenerates (Fig. 31, K). The aurrlTor is the 
pronucleui and represenU one-fourth of the nucleus of the 
sporont. The protoplasm of the sporont condenses round it to 
form a single gamete, leaving a large quantity of residual probv 
plasm containing the degenerating nuclei The two gametes 
derived in this way, each from one of the original sporonts, fuse, 
the septum becoming absorbed. Thus in each cyst is formed a 
single sygote (Fig. 31, i, j)> which develops into the single 
spore, containing when npe the usual eight sporoioites. Some- 
times, however, the septum is not absorbed, and each gamets 
then develops parthenogenetically, so that the cyet contains two 
small spores instead of a single large one. It is evident that this 
condition is to be derived from that in Monoc^siia by reduction and 
degeneration of all the gametes formed from each gametocyte except 
one. In the allied genus Schizocgdia numerous gametes are formed 
from each aporont, and conjugate after the manner of Monoei/itU. 
The spores of Gregarines are either naked gymnoaporea 
or cblamydospores, investad 
by a tough envelope. The 
former condition is uncommon, 
but is found in two genera of 
Cephalina. In the first of 
these, the genus Jggregat*, 
Frenzel, the gymnospores or 
■porozoitea are scattered in 
the cyst round several residual 
maasea of protoplasm, giving 
a certain resemblance to the 
cyata of the malarial parasites 
_ __ formed in the stomach of the 

. MpiMinEOirourt •pwiomiccyMofiW^vo'a mosouito (Fie. 32). In the 

OKlsMltn. L»B»t. The numeroiu iporoioilM (.1 j ., ° n i 

u* uniigad ndiAiiy rwiiid muMi of miiiiul aecond, the genua FoTO^ora, A. 

^iii"m! '(A?t.r'Lig^r"K'ieo,i ''' '"•""'"' Schn., aporoblasts are formed, 

each of which givea riae to very 

numerous sporosoites grouped round a central mass of protoplasm. 
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and each such cluster of sporosoites resembles to a certain extent 
an ordinary Gregarine spore, but has no enveloping membrane or 
sporocyst (Fig. 41). Aggregaia and Porospora are grouped together 
as a tribe Oymnosporea in distinction to the ordinary Gregarines, 
the Angiosporea, in which a chlamydospore is formed. The proto- 
plasm of the sporonts may, in some cases, be entirely used up to 
form sporoblasts, in which the sporulation is said to be compUU^ 
but more often it is ineampUUf with a more or less considerable 
mass of residual protoplasm. 

The typical Oregarine spore contains eight sporozoites, and is 
therefore said to be odozaic, but exceptionally only four sporozoites 
are formed, as in Selenidium^ hence tsirazaie. The sporozoites are 
grouped in yery various ways round a granular mass of residual 
protoplasm, which contains the last renmants of the reserve 
nutrition stored up by the sporont. The protoplasm of the 
sporozoites is clear and finely granulated. Each sporozoite 
is typically sickle-shaped with the nucleus in the middle. Some- 
times the nucleus is at one extremity, and the sporozoite then 
has a form more resembling a tadpole (Fig. 38). 

The spore -envelope or sporocyst consists of two layers, an 
outer clear and delicate epispore, and an inner refringent and tough 
endospore. Sometimes these two 
layers are quite separate, or, on the 
other hand, they may be intimately 
united. In external characters the 
spores show the greatest possible 
variety of form and pattern, and 
are frequently ornamented with 
long tails or processes, which may 
vary considerably even in closely 
allied species, as in the species of 
Cyskbia infesting Holothurians (Fig. 
38). Another remarkable feature 
seen in some genera is the union of 
the spores by their sporocysts to 
form strings or ropes ("spores en 
chapelet ") (Fig. 34, /). 

With regard to the dissemination 8«,^«f o^^i^„j,.„^ «««« m^ 
of the spores, and the manner Dermuut spp.). a, a Hpe ipore thowing 
in which they infect new hosts, eiSSJorS'*ie?*&e*^lA^*1SStt2g 0/ the 

there is nothing to add to what epj«Pore»^ Alter ertrylon of two ytor 
VUVI.V « uvvu&ug wv ««x* wv TT«c-w f«Am» (n), the iporoioltei (») eicape ftom 

has been stated above with re- tne spore. (FromWaeielewekl^afterLAger.) 

gard to Manocystis (p. 163) and 

Sporozoa generally (p. 166). In no^ case is a true intermediate 
host known to occur. The life-cycle of Oregarines is, in the vast 
majority of cases, monogenetic, and consists of sporogony only. 





Fig. 88. 
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as described above for Manocystis. The cases in which proliferation, 
by other methods than the usual spore-formation, has been alleged, 
are for the most part very doubtful, and, though not incredible, 
are highly improbable for reasons already put forward in dealing 
with Monocystis. There are, however, a few well-attested cases of 






Fio. 84. 

Spores of various Grerairinefl. a, 
simple oval spore, tyi)e of Eirmoqf$tiSf 
SpKacroqfBtis, etc. {Urtgarinidae). b, 
cylindrical spore, type of Echinonura^ 
Dctct'idoj^uynis, Pteroeej^udus, etc. {Dae- 
tylo]fiioridae), c, barrel-shaped spore, 
type of Gregarina and other Greaa- 
rinidae with sporoducts. d, navicular 
spore of Bdoidea (Ai^inoeephalidne). 




., biconical spore with spinet of 
Ancyrophora (^Acantko$poriaae\ / 
purse -shaped spore typical oi 
St^orkynchidae. g, crescent^shaped 
spore typical of MefU)$poridae, k 
sac -like Hnore of Gonotpcra ten 
hcllae (Koll.). i, tailed spore o: 
Ceratogjiora. j, tailed spore of I7f» 
tt)Km synajttar, Gu^n. (Fron 
Wasielewski, after L^ger.) 



schizogony, which is correlated in Eugregarinae, as shown by 
Caullery and Mesnil [10], with an intracellular stage of long dura- 
tion, and takes place during this phase of the life-history. ThuE 
in Gonospora longissima^ Caull. et Mesn., from the Annelid Dodecacerio 
concharum^ the nucleus of the intracellular trophozoite multiplies 
by division, and the body divides into six or eight merozoitet 
arranged as a "corps en barillet" (see p. 222). The merozoites 
then separate, escape from the host -cell, and develop into the 
intercellular sporonts. Another and similar case has been 
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observed by CauUery and Mesnil [86] ^ in a species of SdeMdium 
from Spio fuliginosa. In the Schizogregarinae, on the other hand, 
schizogony is of constant occurrence, as their name implies, and 
takes the form of multiple fission during the free extracellular 
phases of the life-history. 

CLASSIFICATION. 

The Bystematic arrangement of the Qregarinida that follows is taken 
from Labb^'s "Sporozoa" [4], for the most part, but with some additions 
or modifications necessitated by recent advances in our knowledge of the 
group. 

Sub -ORDER I. Schizogregarinae, L4ger (Amoehatporidia auct). 
Qregarinida in which schizogonic reproduction takes place during the 
extracellular phase of the trophozoite, in addition to the ordinary 
sporogony. 

The forms composing this sub-order have been regarded imtil recently 
as a very problematic group. Their position in the Sporozoa and their 
affinities with other members of the class have been considered doubtful 
and altogether uncertain. Up to the end of the nineteenth century the 
group was represented only by two species of Ophryocystis, except for the 
fact that the supposed cancer-parasite has been referred to it by some 
authorities. The misconception which has prevailed with regard to the 
natural position of these forms appears to be largely due to the fact that 
the species of Ophryocystis were originally described as amoeboid, and this 
character was supposed to be diagnostic of the order represented by them, 
hence termed Amoebosporidia. 

The recent invef^tigations of L^ger [20, 21, 25], however, have not 
only made known an allied form, SchizocystiSy which has a fixed body-form 
like other Qregarines, but have demonstrated that even Ophryocyttis is not 
amoeboid, as originally described, but has a definite orientation of the 
body, the apparent pseudopodia being merely stiff processes of attach- 
ment (Fig. 21). There can be no question that the natural position of 
the group is amongst the Qregarines ; indeed it is difficult to find any 
constant diagnostic character, except the mode of reproduction, separating 
Ophryocysiti and Schtzocystis^ the only two genera known at present, from 
the rest of the order. 

Qenus 1. Schizocystis^ -Linger, 1900, for S. gregartrundes, L4ger, from 
the intestine of a dipterous larva, Ceratopogon sp. The trophozoites 
are cylindrical and elongated, about 160 fi in length, with an anterior 
clearer region, and occur fixed to depressions in the intestinal wall. They 
resemble a Monocystid in general appearance, but while uninucleate in 
the youngest stages, the full-sized individuals may have as many as sixty 
nuclei The body then divides up to form a number of merozoites, which 
become trophozoites of the second generation. The latter are uninucleate, 
and when full -sized they associate and become encysted, giving rise to 
gametes which conjugate and produce octozoic spores, exactly after the 

^ Whose figures, however, are far from convincing. 
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pttUem of MonoeyitMi Oenus S. OpAfyocydM, A. Sclineidei, 1884. SevBial 
■pedM are known, all from the Ualpighian tnbalet of beetle* ; tjp» 
QMdee 0. biUtdUii, A. Schn., from Blapt mortitaga (Fig. 31). The bodj 
of the trophozoite it of irr^nlar form, with peeudopoditim-like prooMMi 
(Pigg. 81, 31, and SS). The trophoioitea of the fint genention han 
■evenl nuclei (apparently not mote than Biz or eight) when full-uaed, 
and then divide np to form as manj email individnala of the aecond 
generation, which ofteit remain connected together for eome time (Fig. 
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3S, a, d), but ultimately separate and become the uninucleate trophozoitea 
of tiie aecond generation. The latter, when adult, aisociate and become 
enojated, and then give rise to a tingle octonric epore, after elimination of 
nuclei and conjugation of a Burviving pair, aa deecribed above (p. 188). 

SuB-OBDER II. EcaRXOARiNAI, linger. Oregarinida in which schizogonic 
reproduction ia of very exceptional occurrence, and takes place only 
during the intracellular phase, if at alL Spores octoioic with the rarest 
exceptions. 

Thibi 1. AcarBAUS A, KolXika {Mmoe^idta, Sltin). Eugregarinae 
in which the body ia non-septate, and without an epimerile at any stage. 
Chiefly " coelomic " parasites. 
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Genus 3. ManocyiUt, Stein, 1848. Tropkomtes eharaeteriMd by 
eontideiable contnctility, and coBMquent changeability of body -form. 
Sporee naTicolar. Several apeeiet from Oligockaelea, one from fTymwifffli 
torquata, and one from Diap- 
tomui and Oyclopi, all inhabit- 
ing the vesiculae seminales or 
general body-cavitiea of their 
hotta. Type M. mgUii, Stein 
(Figg. 2-8). The genus Spir- 
mtUophoffutf Labb^, 1899 (nom. 
noT. for SpimuUobiumy Eisen, 
1896, preoccupied), for two 
qpedes parasitic in the vesi- 
culae seminales of earthworms, 
is apparently a synonym of 
Monocyitii. Qenus 4. Zy^ocy«(u, 
Stein, 1848. Adult tropho- 
aoites generally piriform, 
always found associated in ^ 

couples or threes (Fig. 36) ; Fio. 8«. 

spores biconical. Type Z, XvgoeyM$ eometo, Stdn (pv. Umbritut communU 

cofiMto, btein,trom the vesiculae three. (Afier stein, x 250.) 
seminales and general body- 
cavity of Lumbricui cigricola. Two other species are known. Qenus 5. 
Z^fgotoma, Labb^ 1899 (nom. nov. for Conorhynehtu, Qree£f, 1880, preoccu- 
pied)^ Trophozoites pear-shaped, the entire body covered with finger-like 
processes, the endoplasm filled with vacuoles ; alwaf s associated in couples 








Fio. 87. 

Ptoroapora maldaruorum, Rac et Lab. (par. Lioeephalui liopwpu and Clywune IvmbrUaiU^ 
a, two aaaociated trophosoitea ; the indiviaoal on the left ii umj expanded, that on the right 
is oommeneing to retract ita proceaaes. b, spore showing the sporoioites ooUed spirally roand 
the central mass of granular residoal protoplasm, e, transverse section of a spore showing the 
three wing-like processes and the sporozoites (four of them) in the section round the central 
reaidoal protoplasm. 

when full-grown. Sporulation unknown. Unique species Z gibboiwn 
(Qreeff) frt>m the gut of Echiurus paUani, Genus 6. Pteroipora, Racovitsa 
and Labb^ 1896. Trophozoites pear-shaped, the smaller extremity bearing 
two groups of finger-shaped retractile processes, four in each group ; always 
found associated in couples. Spores with dissimilar poles, the epispore 
prolonged into three lateral wing-like expansions. Unique species P. 

«3 
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mfMaiMffnimy R and L. (Fig. 37), from the coelom of Liocephahu liopygui and 
OlymMe lumbricalis. Genus 7. Cystcbia, Mingazzini, I89I. Trophozoites 
large, oval or irregular in form, with two nuclei, resulting probably from 

early fusion of associated individuals (Fig. 23). 
Spores with dissimilar poles, the epispore form- 
ing a funnel-like projection at one pole, some- 
times also a tail-like expansion at the other 
(Fig. 38). Parasites of Holothurians occurring 
in the blood-vessels, whence the cysts dehisce 
into the coelom. Type C. holothuriae (Ant 
Schn.) from Holothuria tubuloea. Qenus 8. 
Lithoeyitiif Qiard, 1876. Trophozoites lai^ 
ovoid or vermiform, with the endoplasm filled 
with crystals of calcium oxalate. Spores with 
. „ long tubular processes of the epispore at one 

Spores of a,' Cy^bia irrtffu- P^^®* ^^^^^® '^^ ^' tchneideti, Qiard (Fig. 

laru nil inchin), (par. Holothuria 39), from the coelom of various Echinids. 
^^S^^(^tSS,'X^^. Genus 9. Ceratovora, Wger, 1892. Tropho- 
IomX (After Minchin.) zoites of elongated conical form, associating by 

their truncated extremity, and giving rise to 
spores without encystment and without change of external form. Spores 
oval, with a collar-like expansion at one extremity, and two long rigid 
filaments at the other (Fig. 34, t). Unique species C. mirabiliij L^., firom 
the body-cavity of Glycera sp. Genus 10. Urosporoy A. Schneider, 1875. 
Trophozoites large, spores oval, with a caudal filament at one pole (Fig. 
34, j). U. saenuridis (KolL), from the vesiculae seminales and coelom of 
Tvbifex rivulorum. Other species from Nemertines, Sipuneulus, SynaptOj 
etc. Genus 11. Gonospom^ A. Schneider, 1876. Trophozoites ovoid, 
piriform, or vermiform (Fig. 20). Spores with dissimilar poles, rounded 
at one extremity, bearing one or more tooth-like processes at the other 
(Fig. 34, A). Four species, all from the coelomic cavities of Polychaeta. 
Type G, terehellae (KolL), from Terebdla, etc Genus 12. Syncystii^ A. 
Schneider, 1886. Trophozoites ovoid or piriform. Spores navicular with 
four divergent bristles at each extremity. Unique species S, mdrabilii, A. 
Schn., from the body-cavity and fat-body of Nepa cinerea. Genus 13. 
Diplocystis, Kiinstler, 1887. Trophozoites of " coelomic " habitat, associat- 
ing precociously to form spherical masses. Spores spherical or oblong. 
D. schneiderif Kiinst, from the body-cavity of Periplaneta americarui. D, 
majoTf Cu^n., and D, minora Cu^n. (Fig. 22), from the common cricket 
Genus 14. Lankesteriay Mingazzini, 1891. Trophozoites more or less 
spatulate (Fig. 13). Spores oval (compare Fig. 29,/). Type L. cucidiae 
(Lank.), from the gut of Ciona intestincUis, The sporozoan parasite described 
by Pollard,^ from the intestinal epithelium of AmphioxiLS, is identified by 
Labb^ as the intracellular stage of a Qregarine belonging to this genus. 
Genus 15. CaUyntrochlamys, Frenzel, 1885. Trophozoites with the body 
constricted into two regions not separated by any septum, and with 
a fur-like covering of rods, resembling cilia, clothing the surface of the 

> Quart, Joum, Mier. SeL, N.8. zzziv. p. 811. 
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bodj except at the anterior extremity. Sporas not described. T]rpe 
C. pAnmtmtu, FrenL, from the gat of PArtmuna MdaUaria. Qenui 16. 
Anecra, LabM, 1899 (nom. dot. for Aneluirina, Hing., 1891, preoccnpied). 
Trophozoite anchor-shaped, with tvo anterior lateral ptolongatioDS of the 




o Irophoiol 
ted Into comwct motlonlau ami 
[ cUnorhombifl cry«uii of caldu 



Q* another In p«ln, keapliic 
[iporonCa) (bout to beeoins 



ensjnled ; the bodlea hmre contncted 
vacnolea liive ipptand conuinina oil 

(pon, betbie fomutlon of aporoiolln, highly mignined, d, ■ ripe ipoi 
tbe lUITeraaceg between tlie too kinds of ipomi c Is ■ mtcj-ospon, ... . u_..u. 
nucleni ; aitLf, liivHtnieat of smoebocytda ; cr, cttsUIs ; f, funDnL-llke prolongatlt 
eplspare, throuah which the iporoioiles puss out; (. tidl'lLke proceeaof tbs eplipore 
In t£e nnripe, BliiilMltaai in tne ripe ipore ; ip.i, sponuoltas. (A(t<r I4gu,] 



body. SporcB unknown, 
gut of Capildla (apitata. 

The following genera of Acephalinn, known only ii 
phase, are insufficiently characteriied : — 

Qenns 17. Pleuroiqiga, Min^zzini, 1891. Trophozoites more or less 
claTifonn, asMciating laterally. Thrte Bpodei bom Aacidiana. Qenni 18. 



Unique species A. tagitlala (Leuck.), from the 
1 the trophozoite 



196 THE SPOROZOA 



OphiMifui^ Mingazzini, 1891. Trophozoites thmgatod, Tmnifomiy llw 
body cjlindricalf blunt at one end, pointed at the other. 0. hcmMm^ 
Frenz., from the gut of BomUia xiridu. Two other apeeieB aie ako 
referred to this genua Qenus 19. K(iUiikmMi^ Labb^ 1899 (nom. nor. 
for Ki>Uikeria^ Ming., 1893, preoccupied). Trophozoitea of rhomboidal 
form, the anterior extremity rounded and forming a sort of head, 
separated by a constriction from the rest of the body. Unique spedis 
K. itauroetj^haii (Ming.^ from Stauroaphahu tvdolfiwi Qsnus 20. IMok^ 
ehdkt^ Mingazzini, 1891. Trophozoites of elongated form with llw 
anterior end rounded. Unique species L. hdoniidM^ Ming^ from llw 
eoelom of Alciope sp. 

Tribk 2. CsPHAUNA, Delsge (^ PoliytfMUa auct + DoUoefMM). 
Eugregarinae which always posMss an epimerite, which may be prssmt 
only in the young stages or may be a permanent organ. The body ia 
divided, typically, by a septum into protomerite and deutomeritSy bat maj 
be simple, non-septate. Parasites chiefly of Arthropods, usually occnzfiiig 
in the gut 

(a) SuB-TRiBK QTMN08P0BXA, L^gsr. The cyst eontains naked 
gymnospores (sporozoites) not envdoped in sporoeysts to form spores. 

Family 1. Aooregatidai, Labb4. Sporonts septate, forming assotia- 
tions of two or more individuals. Sporozoites grouped irregularly round 
a number of residual masses (Fig. 32). 

Genus 21. Aggregctta^ Frenzel, 1886. Trophozoites elongatad, 
cylindrical A. pcniunidarun^ Frenz., from the intestine of Carcmm 
mamoi and Poriunut orcuo^ and several other speeies from other 
Crustacean hosts. 

Family 2. Porobporidai, Labb^ Each sporoblast gives rise to 
numerous sporozoites grouped round a residual mass, but the ^ spores " so 
formed are not enveloped in sporoeysts (Fig. 41). 

Qenus 22. Poroapora^ A. Schneider, 1876. Spimerite minute, 
button-like. Trophozoites laige, septate, usually solituy (Fig. 1), some- 
times associated (Fig. 40). Unique species P. gigantea (£. v. Ben.^ from 
the gut of the lobster. 

(6) SuB-TRiBi Angiosforxa, L^r. Spores well developed, with 
double sporoeysts composed of epispore and endospore. 

Family 3. Qrioarinidai, Labb4 (CUpiydrinidae^ L^ger). Tropho- 
zoites with simple epimentes (Fig. 17, a). Cysts with or without sporo- 
ducts. Spores oval, in forms without sporoducts (Fig. 34, a), but in forma 
with sporoducts they are barrel-shaped (Fig. 34, e) and united in strings 
by their flattened ends. 

Qenus 23. OregarinOf Dufour, 1828 {ClepiydrtnOy Hammer- 
Schmidt, 1838). Epimerite conical or knobbed, rarely lai^ Cysts 
spherical or oval with sporoducts (Figg. 28 and 42). Spores barrel-shaped 
(Fig. 34, e). G. bkUtarurriy Sieb. (Fig. 42), from the common cockroach 
Periplaneta orimtalis; 0, ovata^ Duf., from the earwig Forficula auri* 
euiofia ; G, polymorpha (Hamnt), from the meal-worm ; and numerous 
other species, parasitic in the intestinal tracts of insects. Qenus 24. 
Gamocyttiij A. Schneider, 1876. Trophozoite with transitory protom., 
resembling a monocystid. Cyst with sporoducts. Spores elongated, 
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I, ripe e'ytt, " p«rtl»ll7 traptitil; a, 

»uuvu i4>i]lac bo tha tporoducU; o, tin i» 

—ilnilig ipam: c, tndocjit : d, th* tTiiUd 

tporodocu; «. tlis gcLitlnotu eplcjit. {f^nn 

cjlindrical. G. tenax, A. Schn., from the gut 
of the cockroach Eetobia lapponu^ ; 0. tpKemerae, 
Fnuti, from the inteatine of Eji\emertt, luTk. 
OenuB S&. SirnutojitU, Uger, 189S (fftfmocyttu, 
InbW, 1B99). £pun. a conical knob. Sporonta 
formini; •jzjgies of numeroiia individu&U (Fig. 
S4). Cytta without (poroduetti Sporei oval in 
form (Fig. 34, a). £. poifmorpha, Uger, from 
the inteatine of LtmnoMa, larva, and other spedei 
from the digestive tracia of intecta. Qantu SB. 
S'^/alotpora, A. Schneider, 187S. Cjtta without 
aporoducta. Sporea elUptoidal, pointed at the 
ends, balging in the middle. H. meomana, 
A. Schn., type-apecies, from the gut of PctroUwi 
manfitTHU, and two other ipeeiea. Genua S7. 
fuiporv, A. Schneider, 187fi. Cjiti without 
tponxtueta. Spores pritmatic. Unique apedaa 
E. fallax, A. Schn., from the gut of B}MatngvM 
aatimtt. QenuB S8. Sphatroq/itu, Urct, 1892. 
Bodf of trophozoite tpheroidal, with truuitorj 
Bu. protoip. Cf«ta without aporoducta. Spore* oval 

_ [ ■ form (Fig. 3*, a). Unique ipeciea S. timpttx, 

rhloh Uia blBdarmoat hu Lig^ ttom the gut of Cjfp^cn paUidut, larva. 
£!rt5tS^y°° 0^^ »»■ Ontmidoipora, A. Schneidw, 1881 
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Epim. large, lancet-shaped. Sporonta solitary, the body elongated and 
Gylindrical in form, with globular protom. Cysts without sporodncta. 
Spores ellipsoidal with thick sporocysts. Unique species C htJUa^ A. Schn«, 
from digestive tract of Olomerii sp. Genus 30. Stenophora^ Labb^, 1899 
(nom. nov. for StenocephaluSf A. Schneider, 1876, preoccupied). Sporout oval, 
obese, with small conical protomerite. Cysts without sporoducts. Spoiee 
fusiform with a dark equatorial line. Unique species S, jtUi (Franti.X 
from the digestive tract of millepedes^ JiUvs iohulanu and ternMM^ 
Spiroholus marginatus. 

Family 4. Didtmophtidai, L4ger. Spoionts always associated in 
pairs, one behind the other, in such a way that the protomerite of the 
satellite disappears, and each syzygy resembles an individual with three 
chambers and two nuclei (Fig. 26, a). 

Genus 31. Didymophyes, Stein, 1848. Epim. in form of a cylindro- 
conical spike (Fig. 26, 6). Cysts dehiscing by simple rupture. Spores ovaL 
D, paradoxa^ St, from the intestine of Oeotrupes ttereorarius ; and three 
other species. 

Family 6. Dacttlophoridae, L^er. Epimerite asymmetrical, 
irregular, bearing digitiform or root-like prolongations (Fig. 17, h, »). The 
dehiscence of the cysts is effected by simple rupture or by means of a 
pseudocyst (p. 1 8 3) placed laterally. Spores elongated, cylindrical (Fig. 84, 5). 

Genus 32. Bhopalonui^ L^g^^y 1893. Epim. a subspherical knob 
bearing flexible digitiform processes. Trophozoites solitary, the conical 
body not septate, but with an indication of the protomerite. Unique 
species R geophili^ L^g., from digestive tract of Geophilidae and of 
StignuUogasUr gracilis. Genus 33. Echinomera, Labb^, 1899 (nom. nov. 
for EchinocephaltUj A. Schneider, 1876). Trophozoite of oval or subconical 
contour, massive ; epim. persistent, spiked, the point furnished with small 
digitiform appendages which are not persistent^ the whole forming with 
the protomerite a cone with summit displaced and slightly excentric 
(Fig. 1 7, h). Cyst dehiscing by simple rupture. Spores cylindrical with 
rounded bases, usually in strings (Fig. 34, 6). Unique species E. hispida 
(A. Schn.), from the gut of Lithobiua forficatus. Genus 34. TrichorhynchuSj 
A. Schneider, 1882. Cephalont with cylindrical or truncated protom., 
bearing an elongated conical rostrum. Cysts oblong with wart-like emi- 
nences ; dehiscence by means of a lateral pseudocyst Spores cylindrical 
or ellipsoidal, not in strings. Unique species T, pulcher^ A. Schn., from 
the digestive tract of Scutigera, Genus 36. PterocephaltOj A. Schneider, 
1887. Trophozoite with bilaterally symmetrical protom., divided into 
two lobes bearing spines or root-like processes, the two lobes united at 
one of their extremities to form a coiled horn (Fig. 1 7, »). Spores oval 
in form, connected obliquely into strings. Unique species P. no&tVw, 
A. Schn., from the gut of Scolopendra spp. Genus 36. DactylophoruSf 
Balbiani, 1889. Protom. expanded excentrically, and carrying the 
digitiform processes of the epim. Sporonts solitary, of elongated form. 
Cysts dehiscing by means of a lateral pseudocyst. Spores cylindrical. 
Unique species D, rohuttis, Ldg., from the gut of Cryptops horiensis. 

Family 6. Actinocephalidae, L^ger. Sporonts always solitary ; 
epim. symmetrical, simple or with appendages. Cysts dehiscing by 
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simple rupture. Spores navicular, biconical, or cylindrical with conical 
extremities (Fig. 34, (2). Parasitic for the most part in the guts of 
carnivorous Arthropods. 

(1) SuB-FAMiLT SciADOPHOEUNAB, Labb^ Protom. umbrella-shaped, 
with radiating ridges terminating posteriorly in recurved spines. Spores 
biconical, the epispore with equatorial, the endospore with polar, dehiscence. 

Genus 37. SciadophorOy Labb^, 1899 (nom. nov. for LycosdLa^ L^r, 
1896, preoccupied), with the characters of the sub-family. S. phalangii 
(L^.), from the gut of Phalangium crastum and P. comutum ; two other 
species, also from Phalangidae, 

(2) Sub -FAMILY ANTHORHTNCBiNAifi, Labb^ * Spores ovoid with 
pointed ends, joined in strings by an equatorial suture. 

Genus 38. Anthorhynchusy Labb^ 1899 (nom. nov. for Anthoeqphalui^ 
A. Schneider, 1887). Epim. a large grooved knob. Unique species A. 
tophiae (A. Schn.), from the gut of Phaiangium opUio, 

(3) SuB-FAMiLT PiLSocBPHALiNAE, Labbd. Epim. simple, conical, or 
lance-like. Spores usually biconical. 

Genus 39. PiUocephalus, A. Schneider, 1876. Epim. shaped like a 
lance-head (Fig. 17, c). P, heerii (KolL), from the gut of Phryganid larvae 
and P. chinennsy A. Schn., from the gut of Mystacid larvae ; two other 
doubtful species. Genus 40. AmphoroideSy Labbd, 1899 (nom. nov. 
for Amphorella, lAgeTy 1892, preoccupied). Epim. spiked or globular; 
sporonts solitary ; protom. very shorty compressed, hollowed out into a 
cup. Spores biconical. Unique species. A, polydumi (LAg.), from the gut 
of Polydenntu complanatus. Genus 41. DiscorhynchuSy Labb^ 1899 (nom. 
nov. for DiKocephalus, L^ger, 1892, preoccupied). Epim. large, in the 
form of boss surrounded by a thick ring ; protom. globular, larger than 
the deutom. Spores biconical, obese. Unique species, D. truncattis (L^.)i 
from the gut of SericasUyma sp., larva. 

(4) Sub- FAMILY Stictosporinae, Labb^ Spores biconical, with 
slightly curved, pointed terminations ; the endospore with numerous little 
papilliform elevations. 

Genus 42. Stictogporoy L^ger, 1893. Epim. with a globular head, 
depressed ventrally and covered with projecting ribs terminating posteriorly 
in spikes. Spores biconical, the points slightly curved inwards. Unique 
species, 8, provintialisy L^g., from the gut of the larva of Melolcntha and 
Kkizotrogui, 

(5) SuB-FAMiLT AcTiNOCSPHALiNAB, Labb^. Epim. with appendages 
(except in Stylocystis), Spores symmetrical, navicular, biconical, or 
cylindrical with pointed ends. 

Genus 43. Schneiderioy L^ger, 1892. Trophozoite non-septate ; epim. 
a thick plate bordered by a rim composed of rib-like thickenings (Fig. 18). 
Spores smooth, obese, biconical. S, mvcronatOy L^., from the larva of 
BUno Tnarciy and S, caitdata (Sieb.), from the larva of Sciara nitidicollis. 
Genus 44. Styloqfstisy L^ger, 1899. Trophozoite non-septate; epim. in the 
form of a pointed bristle or sharp spine, usually curved. Sporonts solitary. 
Spores biconical Unique species S, praecoXy Ugety from the gut of the 
hunra of TanypuB sp. (Diptera). While evidently closely allied to the 
foregoing genus, the epimerite lacks the appendages characteristic of the 
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•ub-familj, and from the morphological point of Tiew is intermediatA 
between the simple epimerite of DoUocy$Udae and the more complex 
epimerites of Actinoeephalidae (L^r). Qenas 45. AiUrophcrat L^ger, 
1898. Epim. composed of a circular ridge with radiating rib- like 
thickenings, surrounding a prominent central papilla. Protom. ordinarily 
larger than the deutom. Sporonts solitary, of elongated form. Spont 
cylindrical with conical extremities. A, fnueronata, Mg., from the gat of 
the larva of BhyaeophiUif and A, eleganif L^g., from the digestive tract of 
the larvae of Phryganea grandit and Serieottoma sp. Genus 46. SUphano- 
pkora, L4ger, 1892. Epim. large, in form of a convex disc bearing a 
crown of finger-shaped tentacles. Spores as in the last Unique species 
8, Itteani (SteinX from the gut of Dorcus faraUdipipedui, Genus 47. 
BothrioptU^ A. Schneider, 1876. Epim. in form of a lenticular knob 
bearing long flexible non- motile filaments. Sporonts solitary, with 
protom. greatly developed and very mobile. Spores biconical, obeae. 
Unique species B, histrio, A. Schn., from the gut of Hydaticut spi 
Genus 48. Coleorhynchus^ Labbd, 1899 (nom. nov. for ChleophorOf A. 
Schneider, 1885, preoccupied). , Sporont with protom. in the form of a 
sucker or strawberry, extending over the deutom. ; septum convex, 
projecting into the protom. ; deutom. subspherical or cylindricaL Sporat 
navicular. Unique species C, heroi (A. Schn.), from the gut of N§pa 
cinerea. Genus 49. L^erioy Lablx^, 1899 (nom. nov. for Dt^auria, A. 
Schneider, 1875). Protom. dilated, club-shaped ; septum convex, pro- 
jecting into protom. Spores subnaviculai*, with thick sporocysts. Unique 
species L, agiii (A. Schn.), gut of laxva of Colymbetes sp. Genus 50. 
Phialoides, Labb^, 1899 (nom. nov. for Phialis, lAger, 1892, preoccupied). 
Epim. in the form of a retractile boss, surrounded by a circular ridge 
and a collar-like membrane with pleats terminated by triangular teeth. 
Sporonts massive, solitary. Spores biconical, obese. Unique species P. 
omata (L^.)* ^^^^ ^^^ S^^ ^^ ^^® larva of Hydrophilus pice%u. Genus 51. 
OeneiorhynchuSf A. Schneider, 1875. Epim. in the form of a disc bristling 
with fine pointed teeth, carried on a very elongated neck (Fig. 17, 9). 
Spores subnavicular. Unique species G. monnien\ A. Schn., from the 
gut of the nymph of LibeUula, Genus 52. AdinocephaluSy Stein, 1848.^ 
Epim. sessile or on a well-marked neck, and provided with hooks or 
•pines. Spores biconical. A, stelliformiSf A. Schn., from the gut of 
Oeyptu olens and other beetles ; and other species. Genus 53. PyxiniOf 
Hammerschmidt, 1838. Epim. in the form of a cup or saucer with 
fringed rim surrounding a central spike (Fig. 15). P. ruhecula, Hamm. 
(Figg. 15 and 33), from the gut of Dermedei lardarius and /). vtUpinui; 
and other speciea Genus 54. Beloides^ Labb^ 1899 (nom. nov. for Xipho- 
rhynchus, L^ger, 1892). Epim. in form of disc or knob furnished with 
about ten teeth, and bearing in the centre a long spike (Fig. 17, e). Spores 

' The two species mentioned by Stein (Muller's Archiv, 1848) under the genu 
Aeiinocephalus were A, acta. Stein, from Carabia glaJbratua and A, lueani firom 
iMcanua {Dorcus) paraUelipipedtu, The former of these is not mentioned in Labb^'s 
8poroKoa, the latter is placed, following L^ger, under the genus SUpkancphonij L^g«r. 
Ihese facts may necessitate a revision of the nomenclature of the genera of AetimO' 
ctpKalidae^ since the genus AetinocepfuUut in Das Thierreich does not contain either 
of the species placed in it by the founder of the genus. 
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elongate-oval or boat-ahaped. B. firiMM (L^.)^ (Fig. 17, eX ^^^ -^^ teniMC 
(L^.), both from the intestines of larvae of Dermeifei spp. 

Family 7. Acanthosporidax, L^r. Sporonts always solitary. 
Epiin. symmetrical, simple or with appendages. Cysts dehiscing by 
simple rapture. Spores garnished with bristles at the poles or equator 
(Fig. 34, e). Parasites of carnivorous insects. 

Genus 66. CoryceUa^ L^r, 1892. Protom. spherical, more or leas 
dilated ; epiro. in form of a knob bearing a crown of eight large hooks 
(Fig. 16). Unique species C, anrMta^ L^., from the gut of Oyriniu 
natcUoTj larva. Qenus 66. Aeanthotporoy Ugn, 1892. Sporonts solitary^ 
of elongate oval form. Epim. in form of a conical obtuse knob. Sporea 
oval, with a tuft of four bristles at each pole and an equatorial circlet 
of sharp spines. A, pileata, L^., from the gut of Omoplus sp., larva, 
and two other species. Genus 67. AneyrophorOf L^ger, 1892. Sporonts 
solitary, the posterior end pointed. Epim. a knob bearing flexible or 
rigid appendages in the form of recurved hooks. Spores biconical, with 
polar tufts and six equatorial bristles (Fig. 84, e). A, gnuilii^ L4g., from 
Carabus aum/iM, (7. violaeeus^ and Silpha thoraeica; A, uncinatOf L^g., from 
the larvae of Dytxscta, Colymbetet^ SerieottomOj and Linvnophilw rhombicui, 
Qenus 68. Cometoides, Labb^, 1899 (nom. nov. for Pogonitu, L^r, 1892, 
preoccupied). Epim. a spherical knob, flattened centrally, bearing a 
circlet of flexible slender filaments (Fig. 17,/). Spores wiUi a tuft of 
bristles at each pole and two circlets of equatorial bristlea. 0. criniitui 
(L^g.), from Hydrobius, larva ; (7. eapUcttui (L6g.), from Hydrouif larva, gut. 

Family 8. Mbnospobidab, L^r. Sporonts solitary. Epim. sym- 
metrical, with appendages, and connected to protom. by a long neek. 
Gyits spherical, dehiscing by simple rupture. Spores in the form of 
crescents more or less curved (Fig. 34, g). Parasites of larvae of AgrumidM. 

Genus 59. Afenofporo, L^ier, 1892. Epim. in form of a cup bordarad 
by hooks. Unique species, M, polyacarUhcLj L4g., 
fiK>m gut of Agrion puella^ larva. Genus 60. Hop- 
lorkynehui, Cams, 1863. Epim. in form of a disc 
bordered by sharp teeth. Unique species, H. oligaear^ 
M«M (Sieb.), (Fig. 43X from gut of OalopUrgx virgo^ larva. 

Family 9. Stylorhynchidab, A. Schneider. 
Tropho. with body usually elongated, and epim. 
symmetrical, with or without appendages. Cysts 
with two envelopes closely joined ; dehiscence by 
means of pseudocyst Spores pouch -like, brown or 
blackish, joined in strings, and dehiscing by a split 
corresponding to the most convex border (Fig. 34, /). 

Genus 61. Lophocephalua, Labb^, 1899 (nom. nov. 
for LophorhynehtUf A. Schneider, 1882, preoccupied). 
Epim. sessile, hollowed into a cup bordered by a pjq, 43, 

membranous rim with vesicular appendages. Protom. Hojiarhfndiut oUgc- 
depressed. Cysts irregular, subspherical with areolar oantAiM (Sieb-X^^tm (ha 
eminences. Unique species, L. insignis (A. Schn.), (From Luake^bwo^^ 
from gut of Helops striatus (Fig. 44). Genus 62. 
CystoctphaluSf A. Schneider, 1886. Epim. vesicular, with short narrow 
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naek. Unique ipecies, 0- oXginiamH, A. Schn., from tlie gnt of Pimdia 
■p. OeauB 63. Ooe^Kahu, A. Schneider, 1686. Epim. in tlie form of 
a roonded kaob carried by a abort conical neck. U&iqae ipedes 0. 
hupanv*, A. Schn., from the gut of Morica ap. Geniu 64. j^phurorAyruAu*, 
Labb^ 1099 (nom. aov. for S^uiertitaphalut, A. Schneider, 1666). Epim. 
■mall, spherical or oval, borne on a long, broad cylindrical neck, aharply 
ooutrieted below the epim. Unique tp«cie« S. 
apkMdm (A. Schn.), from the gut of Akit. Genua 
60. iSlylorAyncAtM, Stein, 1648. The protom. of 
the cepholont ii prolonged into ■ cylindrical, 
elongated roatnim, carrying at its termination the 




amall knob-ahaped epim. (Fig. 17, d); protom. of tbe aporont rounded ; 
the dentom. very elongated. S. longicollu, Stein, from the gnt of Blapt 
mortita^ (Fig, 4S] ; end other apeciea. 

Family 10. Douocybtidak. Epim. aymmetrical, aimpte. Body 
non-eeptate. Spores ovaL Paraaitea of marine Annelida. 

Genus 66. Doliocyau, Uger, 1893. Body showing no trace of 
protom. 01 aeptum. Spores oval, with a thickening of the eporocyst at 
one pole. D. pMveida (KolL), from the gut of Nenit eutirtfera and 



THE SPOROZOA 



303 



N, heaucoudrayi ; D. aphroditae (LankX from the gut of Aphrodite (Fig. 

19) ; and other 8pecie& 

The following genera of Cephalina are of uncertain position : — 
Oenua 67. Nematoides^ Mingazzini, 1891. Trophozoite vermiform, 

without septum ; epim. in form of a fork or pair of pincers^ borne on an 

elongated neck. Unique species N, fiuiformiSf Ming., from the gut of Bal- 




Fig. 46. 



Stlenidium^ variouB ipecies. a, comma -ihaped ipeclM (*' SeUnidium en virgule ')J)[oui 
Cirratvlvs cinratiu ; ep, mi juta epimerite, afterwards thrown off. b, Mmicolon-llke *P*ctM 
(" 5. en point et virgule ") from the same hoet. with very large epimerite. c-A itagea of 5. 
eckinatuv^ C. and M. (par Dodeeaetria ooneKarum}. e, free iporont ; d^ nyzygj of two uporonte ; 
e, a ipore, external view, showing the spiny suifkce ; /, a spore in section, showing the four 
•porozoitee. a and &, x ftOO ; e and d, x 800 ; « and/ x 8S0. (After OauUery and MesniL) 



antu pefforattu and Pollicipea cornucopia. Genus 68. Ulivina, Mingazzini, 

1891. Body of elliptical form, protom. a quarter the length of the bodj. 
The external membrane forms a continuous sac round the animal. U. 
elliptica, Ming., from the gut of Audouiniafiligera. Genus 69. Syda^ L^ger, 

1892. Epim. knobbed, bordered by a thick ring (Fig. 17, 6). Protom. 
subspherical ; deutom. conical ; with numerous enclosures. S. inopinaia^ 
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Ug^ from the gat of Aud4mima gp. Qenni 70. 8$kmd4iitm, Qiaid, 1884, 
emend. Caullery et Memil, 1899, incL Eiotrhabdina, Mingaziini, 1891, 
Polyrkdbdina, Ming., 1 89 1, and Plat^cyttii, Ugsr, 1 892. Body ftttenuatod, 
vermiform, without aeptam, showing longitodhial sfcriationt due to mjoejto 
Abrillae at the surface. Epimerite slender, conical, or large and globidar 
(Fig. 46, a, by Spores spherical, spined, and exceptional amongst Grsg- 
atines in being tetrazoic (Fig. 46, 0^/). Parasites of PolychaetesL Type S, 
pindtUOf Oiard, from the body-cavitj of Nerint ; S, eMnaUm^ C. et M., 
from the gut of Dodecaema eonduMrum; other species from SeololqnifM- 
ginoia, Cirrh(U%du$ etrratiM, and other marine Annelids. See espedally 
Ciaallery and Mesnil [86]. 



Order 2. Ooeddiidea 

The Coccidiidea are an order of the Tdatporidia (p. 166), 
characterised by the following distinctiye features. They are eell- 
parasites, attacking tissue - cells, and especially epithelial eells, 
rarely other forms of tissue, and never blood-cells. The trophosoite 
grows within the infected cell into an oval or spherical body, with 
great resemblance to an ovum ; it is quite motionless, never at 
any period amoeboid, and remains intracellular during at least the 
whole trophic stage. The dissemination of the parasite is always 
accomplished by means of resistent oocyzUy the formation of whieh 
is preceded by the conjugation of differentiated gametes in all cases 
that have been thoroughly investigated. Within the oocyst the 
zygote breaks up into sporoblasts (areAupt?res), which either become 
converted into naked sporozoites (gfmno9pore$\ or into spores 
(chlamydospores), each containing from one to four sporozoites, 
seldom more. In addition to this exogenous method of reproduc- 
tion, or sporogony^ by means of dtutible cysts, the life-cycle is often 
complicated by endogenous multiplication, or schizogony^ serving for 
the increase of the parasites within the host The schizogony is 
not preceded by conjugation, and is not accompanied by formation 
of any oocysts or sporocysts. 

The Coccidia have attracted the attention of naturalists and medical 
men for a long time past, by their frequent occurrence in the rabbit and 
other Vertebrates, in which they may be present in such masses that their 
presence cannot fail to be detected by simple inspection when the host is 
dissected. Earlier observers often held, however, very erroneous views 
as to the nature of these parasites. Hake, who in 1839 was the first to 
describe Coccidia, regarded them as pathological products of the diseased 
animal — in fact, as a form of pus -corpuscles ; and similar views were 
held by many subsequent writers. On the other hand, a number of 
authorities in the forties and fifties believed Coccidia to be eggs of 
parasitic worms. Remak, in 1846, was the first to point out their 
relations to Miiller's '^ peorosperms," and in 1854 Lieberkuhn insisted 
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upon their affinitiM with Oregarinaa A year later Kloes gave the first 
thorough account of the life-cjcle, in the case of the form infesting the 
mail, tuheequently named Klouia hdicina by A. Schneider. S^loee'e 
work was also the first proof of the existence of these parasites in Inverte- 
brates. The endogenous life-cycle was first described by Simer in 1870, 
in the form infesting the mouse, termed by him Grtgarina fiMformU; 
but later (1876) made by Schneider the type of a new genus, Eymaria. 
Henceforth these organisms became known as "egg-shaped psoro- 
sperms" (eiformige Psorospermien, Psorospennies oriformes), and their 
affinities with the Qregarines received general recognition. In 1870 
Leuckart greatly increased our knowledge of the Coccidian parasites of 
the rabbit, and introduced for them the new generic name CoeMium^ in 
the second edition of his well-known treatise upon human parasites. 
From this time onwards these parasites were commonly known as 
**Coccidia'' — a word often used in an extremely vague sense by writers 
whose zoological knowledge is defective, and by whom it is sometimes 
employed in a sense practically synonymous with the older word *' psoro- 
sperms." 

In the eighties our knowledge of the forms of Coccidia and their life 
cycles was steadily increased, chiefly by the labours of Aim^ Schneider, 
and in more recent years by Labb^ In the last decade of the nineteenth 
century a vast amount has been written about Coccidia on account of the 
connection suspected to exist between them and cancer, but this work has 
been for the most part barren of results, contributing little to extend 
our knowledge either of cancer or of Coccidia. It is in this period, 
however, that the complete life-cycle has been gradually worked out by a 
number of observers. An alternation of generations was first suggested 
by L. and R. Pfeiffer, whose ideas met with the most vigorous criticism, 
but a double life -cycle has now been demonstrated to be of almost 
universal occurrence amongst Coccidia. Towards the end of the nine- 
teenth century, also, sexual reproduction has been observed and accu- 
rately studied in a number of forms. The new century commences with 
an exhaustive monograph by Schaudinn upon the complete life-history 
of the forms infesting the centipede Xff^o&iiM, a publication which marks 
an epoch in the investigation not only of Coccidia but of Sporoioa 
generally, and completes our knowledge of a most fascinating chapter in 
natural history. 

(a) Occwrrenee^ Habiiai, Effedt on their HotU, etc, — ^The Coccidia 
are an abundant group of the Sporozoa, but appear to be confined, 
in the matter of hosts, to three great phyla — the Arthropoda, 
Mollusca, and Yertebrata.^ In the last named they are found 

1 Exceptions are the Coccidian parasites discoyered by Caullery and Mesnil in the 
gnt of CapiUUa capitcUa [126] and other Polychaete worms [129a]. Since only the 
schizo^ny was observed, the systematic position of these forms could not be deter- 
mined ; they remain for the present, therefore, without any ^neric or specific 
designation. On the other hand, these authors are of opinion that the alleged 
Coccidian parasites in Periehaeta, described by Beddard {Ann. Mag, Nat. HisL (6), 
iL 1888, p. 4SS), are nothing more than segmenting eggs of Nematodes. It is 
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imonlf thui uiy other Sporozoa, and tuve long been 
1 account of their frequent oecorrence amonget domestic 
\ both in birda and mammala, and even in man. They are 
met with in all the five claasea of Vertebrates more or len 
lonlj, and the veiy numerous qwcies of the type-genua 
(^eadittm are aJmoet confined 
to Vertebrate hosts.' In 
Mollusca, Coccidian parasites 
are very common in Qastro- 
poda and Cephalopoda, and 
Hyaloldottia peieeneeri, L^ger, 
occurs in the kidneys of the 
Lamellibranch Teliina ; a 
species, of position as yet 
doubtful, occurring also in 
the kidneys of Dmax (L^ger 
[41]). In Arthropods, Coccidia 
occur sparingly in Insects, 
more abundantly in Myria- 
pods, but have not been found 
ae yet in either Arachnida or 
Crustacea. 

The Coccidia are chiefly 
parasites of epithelial cell*, 
and since the infection of the 
host appears to take place in 
all cases by way of the 
digestive tract, it is the 
epithelium of the gut or of its 
appendages, such as the liver 
(Fig. 47), tliat is most often 
the seat of the parasite. In 
\ a considerable number of 
cases, however, the parasitic 
germs, after entering the system by way of the gut, go further 
afield before settling down. Passing through the gut-wall, the 
parasites are transported, probably, by the circulation of the blood 
or lymph, to their specific habitat. In those cases in which 
the vascular system forms the general body-cavity (haemocoele), 
we find occasionally, though very rarely, what is so common 
in the Gregarines, namely, Coccidia as "coelomic" parasites.* 

pooible that •ome of tli< lappOMd Coccidia m«d is PolychuU >re Teally intn- 
cdlaUr lUgu or Greguinea ; but a genulns Coccidian, CaryotrojAa yntmUii (Fig. 87) 
bu ncvntly been d«9crlbed by Siedlecki [SSa] from Polgmnia niindota. 

* EiceptloDi are two ipcciea fonad In LiUuiiiv /orfiatiat, lit. Coccidnim loetuei 
(LabM), and 0. KAuteryi, Scbaadimi, 

* An uampls ia Adeha metnili, Parsi, 1S99 [GDJ tnm ths body^GSTity ot 
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As B general rule, however, the parasite selects some particular 
organ, most often the excretory organs.* In Molluscs, eapeculljr, 
the kidneys are the seat of these parasites more often than any 
other organ (Fig. 48). In Arthropods this is less frequently the case, 
but Eimeria nova, A. Schn., is found in the Malpighian tubules of 




flloww numno, a. Bcnr., irom tun nnmer O' "«!* flonmni, iiiwr WIDWni. 
IvwAkl. a, portion of ■ section of Uis kldpoj. ■howlng nonzul fiplthelUl c*lli cor 
ontlOM (Q, ind Enlussd cplthfllil cell! cotiUlnlng ths parmiitt (lO la vuioni ita 
of tllB Klc—ia contalnlDB aporoblHta. e, cyil with ripe ipona, e«b anelMlnt 
■oltai *Dd % pttcb of reilduU protopUuiui. 



In Vertebrates again the kidney is very often attacked ; 
in other cases amongst this phylum it ts not infrequently the 
spleen, and even in a few instances the teetis, which is selected 
by Coccidian parasites — never, however, the ovary ; so that in this 

tb« moth Tineela bUdidla ; it atUcka chleflj th« fat-bodji, but mty onmin alio 
tbc pericudiid cells, oenocjtes, HilpighUn tnbaln, maKlea, and epldeimU ; it Is 
■urer fouDd, however, In the gut-aplttielium, nor doea it pen«tnt< tbc n«r*oat 
qrttcm, gonidi, or immginal diacs. Another eiunple li Addta akidiitin, Ugtr, 
paruitic upon varioug bettlea (.IKi app. ; Olocrata abbrtaabu) ; it alu attMk* 
the f*t-bodj and tha pericardial calla, hut not aoj other orgtna. 

> With regard to the qQestlon of the traiiapart of the paraalUa within the bod^ ot 
the hodti lAvenn [35] hu drawn atteDtlon to an aaaociation between Ooeeiitiitm 
meUhnikovi, LaT., and a Hyxonporidlan, MyxobUu* ovi/ormiM, ThO., in the gndgaon. 
Tbe Myxoticliu io the liver, apleen. and kidne; la found containing the Coeeidaan in 
vaiioua phaaaa of development, eapeclallj In the atage of cyata with sporea, in which can 
the Myxobelus usoally contalni no aporgi of ita own. Free Coccidia not coutaimd ia 
Hfxoaparidia are found only la the iateatine. lAverea bellevea that the Coccidia 
penetrate the Myxoaporidia in the inteatine, and that the latter then Invade the 
organa they affect, and trmnaport the Cooddia with them. Thia view i« oonteated \j 
Blanchard ([30^ p. 161). 
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respect the predilections of Coocidia are the opposite of those of 
Myxosporidia, which frequently attack the oyary but never the testis. 
A given species of Coocidian parasite may confine its attentions 
entirely to some particular organ, or it may attack several organs, 
as for example Cocddium nUnuiiimf Th^L, found in the liver, spleen, 
and kidney of the tench; but as a rule it is rare for a form 
infesting Uie epithelium of the digestive tract to attack other 
internal organs as well 

Coccidia during the trophic stage are always intracellular 
parasites,^ and each trophozoite destroys completely the cell which 
harbours it. As a rule the trophozoite lies in the cytoplasm and 
does not attack the nucleus directly, but pushes it to one side, often 
indenting or compressing it The first effect of the extranuclear 
parasite is to produce a considerable hypertrophy of the host-cell, 
especially of its nucleus. The cell is stimulated to increased 
metabolism, shown not only in rapid growth, but also in the 
formation. by it of fatty substances, which serve as nutriment 
for the parasite and are consumed by it (Schaudinn [51]). The 
effects of the parasite are not confined to the cell which harbours 
it^ but may extend to the surrounding tissues ; in Helix hortensis 
attacked by Klossia hdicina the neighbouring epithelial cells of the 
kidney are stimulated to karyokinesis and multiplication, and a 
proliferation of the cells of the connective tissue is induced, leading 
to the formation of a fibrous envelope round the masses of Coccidia 
as a healing process on the part of the host (Laveran [38]). 
Ultimately, however, the infected cell is so weakened that it can 
no longer assimilate, but dies and is finally absorbed by the 
parasite, only a compact lump of chromatin and a small quantity 
of protoplasm remaining. The parasite then passes into the 
reproductive stage, either still enclosed by the remnants of the 
cell it has destroyed, in schizogony, or freed from the cell, in 
sporogony. 

A certain number of Coccidia occur, on the other hand, as 
intranuclear parasites. The schizogonous generations of certain 
species of Coccidium occurring in Amphibia (frog, salamander, newt) 
conmionly attack the nucleus itself of the infected cell, and have 
hence been described by Steinhaus under the generic name Karyo- 
phagus. The recently described Cydospora caryolyticay Schaud., 
parasite of the intestinal epithelium of the mole, owes its specific 
name also to its intranuclear habitat, which in this case seems to 
be an invariable characteristic of the parasite. The effects of this 
intranuclear parasitism have recently been studied by Schaudinn 
[51a] and Dormoy [33], and are seen chiefly in an enlargement of 

^ Very recently Laveran and Mesnil have described a species under the name 
Oooeidium mitrarium (see p. 283), which, according to these authors, is unique 
amongst Coccidia in having an eztraceUular development like a Oregarine. 
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the nucleus, accompanied by absorption of ito contents. The linin 
framework is broken up, vacuoles are formed in it, and the 
chromatin fuses into irregular lumps and strands. The nucleus 
becomes enlarged to six or even ten times ito normal * diameter by 
absorption of fluid from the cell. The chromatic substance is 
forced out, by growth of the parasite, to the periphery of the 
nucleus, and ultimately disappears, so that "the entire nucleus is 
transformed into a gigantic vacuole, in the interior of which the 
parasite floate" (Schaudinn). The cytoplasm of the cell, on the 
other hand, is absorbed and shrivels up rapidly as the nucleus 
enlarges, without going through any stage of hypertrophy such as 
resulto from extranuclear parasitism. 

Each individual trophozoite in this way brings about the destruc- 
tion of a cell, but of one only, in ito host. Nevertheless, the parasites 
are often present in such vast numbers that the epithelium of the 
organ affected may be completely destroyed, and the host itself 
killed or reduced to the last extremity. In centipedes experi- 
mented upon by Schaudinn, the faeces became milk-white during 
the acute stage of the Coccidiosis, and consisted entirely of epithelial 
remains and Goccidian cysts. The intestine may be so stripped of 
ito epithelium that the young sporozoites are unable to find an 
epithelial cell to infect, in which case they may attock a full- 
grown Goccidian of another species, but never of their own kind 
(Schaudinn [51]). In the mole, Cydospora, caryolytica is the cause of 
a pernicious form of enteritis accompanied by violent diarrhoea, 
which is generally fatal to the host (Schaudinn [51a]). In 
rabbito young animals are often killed by the attacks of Coccidia 
infesting the epithelium of the bile-ducts, and similar cases are 
known in the human species.^ The liver is greatly enlarged, and 
ito blood-vessels compressed, leading to functional derangemente; 
the secretion of bile is reduced to a minimum ; the blood becomes 
pale and watery, as in pernicious anaemia ; the respiration becomes 
gasping, and the animal finally dies in convulsions. In all these 
cases the destructive power of the parasite varies directly as ito 
power of multiplying by schizogony, and so overrunning the tissues 
which it attacks ; and it is a very interesting and important fact, 
that in no case, apparently, can the schizogony continue indefinitely, 
but has its own natural, intrinsic limit, after which conjugation, 
with consequent sporogony, is necessary for the recuperation of the 
parasite and the continuance of ito race. If, therefore, the patient 
can safely pass the acute stoge, the disease heals itself through the 
failing reproductive powers of the parasite, on the one hand, and 
the regenerative capacity of the epithelium on the other. The 
injury inflicted on the host is repaired more or less completely; 

^ For a full account of tb« pathology of Coccidiosis, with special reference to man, 
see Blanchard [80]. 

14 
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but the patient is by no means immune against the consequences 
of a fresh infection from without. 

In other Coccidia the schizogony may be wanting altogether, or 
be more limited in its duration, and in such cases the paiusites are 
very harmless and inflict little or no injury upon their hosts. This 
is especially true of those found in ^lollusca, commonly infesting, 
as has been said, the kidneys in these animals. 

{b) Morphology and EvoluHon, — ^The complete life-cycle of Coccidium 
schubergi has been worked out so thoroughly and in such detail by 
Schaudinn, that it may serve very well as a type of the whole 
order, the chief variations that are known to occur being specified 
afterwards.^ 

Coccidium schubergi is parasitic in the intestinal epithelium of 
Liihobius forjicafus, where it is commonly found in company with 
two other species, Coccidium lacazei (Labb6), and Adelea orahij A. 
Schn. The infection of the centipede is started by its accidentally 
swallowing cysts with its food. The cyst-wall is then dissolved by 
the digestive fluids, the four spores each split lengthways, and the 
sporozoites, of which two are contained in each spore, are liberated 
in the digestive tract. Each sporozoite proceeds at once to attack, 
and to penetrate within, an epithelial cell of the host 

The free sporozoite is a minute, sickle-shaped body 1 5-20 fi in length, 
4-6 ft in breadth (Fig. 49, a and 6, an«l Fig. 50, o). The anterior 
extremity is more pointed and refringent, the posterior end more rounded. 
The iiDely-granulated protoplasm, which is not limited by any distinct 
cuticle, contains a spherical nucleus placed near the middle of the body, 
visible in life as a clear Bpot, and showing after jlrcscrvation and staining 
a number of chromatin granules, lodged in an alveolar linin framework, 
but no ipecial central corpuscle^ nucleolus or karyosome. The sporozoite 
performs active movements of various kinds. In the first place, it 
changes its form, as a whole, either by bending the body like a bow, and 
then straightening it out again, or by ring-like com^trictions of the body 



* In the following account of the life-histories of Coi'citliji, tho temiiuology employed 
for the various stages is that which has l)eeu graUnally evolvcil hy uunierous authors 
during recent years, an«i to which Schamlinn has put the fiiiisliiiig touches. Ilie chief 
departures here from Schaudinn's nomenclatun? are, that the term "zygote" is used 
instead of " copula," and that the term " oiicyst " is understood to mean the membrane 
rather than the contents. In many recent memoirs some of these s]>ecial terms are 
employed in different senses, making the descriptions often very diflicult to under- 
stand. The commonest instance of this is the use of the term " macrogamete " to 
ilenote what sliould be termed a female merozoite or macronierozoite (see p. 223). 

Some author.", amongst whom Lang and Orassi are especially prominent, make use 
of a quite different terminology, projwsed originally by Haeckel. The non-sexual 
schizogony is termed monnfjony, as being a case of repr<Kluction by single individuals, 
without conjugation, and the schizonts are termed mniwnU. The gametocytes are 
termed gauietogenous mononts, the formation of the gametes being regarded as a 
special case of monogony. The zygotes or sporonts are tennetl amphionts, formed 
as they are by the coming together of two individuals, and the sporogony is termed 
amphigonf/. 
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which run from the anterior to the posterior end in waves of contraction 
(Fig. 49, t and /), similar to the " cuglenoid " movements of Gregarines 
and Flagellates (see p. 181). During these contractile movements a fine 
longitudinal striation of the body surface is to be observed, caused, 
however, not by the presence of myocytc-fibrillae, but by the arrangement 
of the superficial alveoli of the protoplasm in longitudinal rows (Schaudinn 
[51a]). In the second place, the sporozoite moves forward by a gliding 
movement similar to that of Gregarines, and effected in a similar manner, 
namely, by secretion of a gelatinous thread which pushes the little animal 
forward as it is formed (Fig. 49, a and 6) ; movements of progression of 
this kind alternate with movements of flexion, and after having traversed 
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Pio. 49. 



MoTcmmita of llring sporozoitefl and meroaoitea of Coccitfiitm u^nXttr^^ Hchaud. (mr. 
L\XkiMM»fyrjU3aXM»\ After Schaud inn [r>I]. rr, \ forward progr«a«ioiiof aMpuruzoite bv aecretion 
Of a gelaunoua thread {s.»\ which Im attached to foreign ofcyecta, and pttMiiea the little creature 
forward!. In b the portion of the thread between twu fonMgn liodiea lias siinppt>d and shrivelled 
up. c, a meron>it6 in forward progresKion. Tlic arrow on the left Mhowa the direction in which 
the meroaoite ia moving ; thoae on the riglit, the direction in which the gelatinoua snbatauea 
aecreted by it ia flowing backwards to form a filament. (f-{/, penetration of an epithelial cell 
by a sporozoite. /f.C, host-cell : y, its nucleus ; sp.X| sporozoite. 

from five to seven times its own length, it comes to a stop, bends its 
body three or four times, and starts again. Thus the s^iorozoite greatly 
resembles in its movements and general appearance a minute Gregarine. 
By means of its progression the sporozoite reaches an epithelial cell, 
and presses its anterior pointed end into it (Fig. 49, (Q. The opening is 
widened by its euglenoid contractions, and is still further increased by 
its movements of flexion and extension. In five or ten minutes it has 
worked its way into the cell (Fig. 49, e-^). Its movements then slowly 
cease, and it comes to rest near the nucleus, l>ut sometimes a sporozoite 
traverses four or five epithelial cells befoi'e settling down. 

Within the epithelial cell the sporozoite becomes a motionless 
oval body, which absorbs the fatty nutriment provided for it by the 
cell (see above, p. 208), without, however, forming any fat-granules 
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in ite own subeUmce or laying up any kind of reserve nutriment. It 
grows rapidly, becoming in twenty-four hours a foll-dsed, spberical 
trophozoite. Moet remarkable are the changea which take place in 
the nucIeuB during the growth of the trophozoite. Laiger fra^ 
ments of the chromatin, which was at first scattered evenly in the 
nuclear framework, collect gradoally towards the centre of the 
nucleus, where they soon appear imbedded in a diffuse, feebly- 
Tsfractile substance, apparently allied to plaatin in natiuv (Fig. 60, 
(). The pieces of chromatin fuse with ^e plaatin matrix to form 
a solid spherical body, homogeneous in appearance, except for % 
few vacuoles of nuclear sap (Fig. &0, o4^. The body thus formed 
resembles the nucleolus of Metszoan cells in its appearance and 
relations, but differs in containing chromatin. It has therefore 
received the distinctiTe name of harywrn^. The karyosome lies 
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towards the centre of the nucleus, or slightly excentrically. The 
rest of the nuclear framework retains ite finely meshed condition, 
and lodges very minute chromatin -granules. The karyosome is 
retained through all the stages of schizogony, and ite presence is 
absolutely distinctive of the schizogonous generations, but of them 
alone. 

When the trophozoite is full-grown and has exhausted the host- 
cell, it proceeds to reproduce itself by sckigogony (Fig. B 1, 1-IV), and 
is hence termed a schizotU. The schizogony goes on within the host- 
cell, the withered remains of which form an envelope to the schizont, 
no cyst or protective membrane being formed by the parasite itself. 
The Bchizonts are distinguished by their coarsely alveolar or vacuo- 
lated protoplasm containing very few granular enclosures, if any. 
The nucleus of each schizont divides to form a number of daughter 
nuclei, which travel to the periphery and are scattered at more or 
less regular intervals at the surface of the cell-body. The proto- 
plasm adjacent to each nucleus then commences to grow out and 
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project above the surface of the schizont, taking the nucleus with 
it Thus are formed a number of club-shaped bodies, each very 
similar to a sporozoite, but differing from it in certain points of 
structural detail as well as in origin, and hence distinguished as a 
merozaiie (Figg. 51, lY, and 49, c). The parent schizont, which drops 
out of the host-cell at this stage, is not converted entirely into mero- 
zoites, but a certain amount of residual protoplasm is left, destined 
ultimately to be cast off and to die and break up. 

The schizogony here described takes place in a similar manner in 
many Coccidia, and has been frequently observed since it was first 
described by Eimer for the Coccidium fcUciforme of the mouse in 1870 ; 
but until recently the connection between the different parts of the life- 
cycle were not understood, and the schizogonous generations were con- 
sidered as representing a distinct generic type, to which A. Schneider in 
1876 gave the name of Eimeria. Hence this portion of the life-history 
is often termed the Eimerian phase (*' Cycle Eimerien **), 

The division of the nucleus of the schizont in the process of schizogony 
sketched above does not always follow the same method in all Coccidia, 
not even in the three species inhabiting Lithobius, In AdeUa ovcUa and 
Coeddium Uusaui it takes place by a multiple fragmentation of the nucleus 
and karyosome, the fragments coming together again at the periphery in 
patches to form daughter nuclei, each with a central karyosome. But in 
0. ichubergi the nucleus divides by repeated binary fission (Fig. 52, o-e). 
The karyosome divides first in all cases, and then the chromatin 
forms two masses round each of the daughter karyoeomes, which play a 
part in the division similar to that performed by the nucleolo-centrosome 
in Ettglena and ParcmwelHi. The process is one more akin to direct 
nuclear division than to mitosis, and current descriptions, showing 
beautiful nuclear spindles, are inaccurate and imaginative (Siedlecki, 
Schaudinn). The number of merozoites formed is very variable, and 
is probably directly related to the nutrition furnished by the host- cell. 
Usually about thirty or forty, apparently, the number may sink as low as 
four. Simple binary fission of merozoites or schizonts never occurs 
however, since in all cases of schizogony, howeveir much reduced, there is 
always left a residuary mass of protoplasm on which the merozoites are 
implanted all round, if numerous, or only on one side, if few. 

The merozoites, at first connected by a stalk with the residual 
protoplasm of the schizont, soon begin to exhibit active movements 
and wriggle themselves free. Each merozoite resembles a sporozoite 
in its movements and general appearance, and differs chiefly in being 
more club-shaped and in possessing a disiind karyosome. The mero- 
zoites proceed to seek out and to attack fresh epithelial cells, as did 
the sporozoites before them, and in a similar way each merozoite 
grows into a trophozoite which becomes a schizont, and breaks up 
in its turn into a fresh generation of merozoites. 

In this way schizogony may proceed merrily for many genera- 
tions, and the numbers of the parasite increase by geometrical 
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progression within the host, until almost the entire epithelium of 
the digestive tract may be destroyed. Sooner or later (in C, 
schubergi after about five days) a limit is reached both of the 
nutritive capacity of the host and of the reproductive power of the 
parasite. Schizogony is then replaced by sporogony, a process 
always initiated by the production of sexually differentiated con- 
jugating individuals or gametes. Merozoites, descended from a long 
succession of maiden schizonts, infect epithelial cells and become 

Fio. 61. 

The life^sycle of Coeeidium Khtibetyi, Schand. (par. Lithcbius forfUxUtu), represented in all 
ite principal stages, combined into a single diagnun, after Scliaudinn [51]. I-IV represents 
the schizogony, commencing with infection of an epithelial C(*ll by a sporozoite or merozoite. 
After stage Iv the development may start again at ntage I, as indicated by the arrows ; or it 
may go on to the fonnation of gtimetocytes (V). V-VIII represent the sexual generation. The 
line of development, hitherto single (MV), becomes nplit into two lines — male (VI i, VII <$, 
VIII <$)and female (VI 9, Vll 9, VIII 9), culminating in the highly diflTerentiated gametee. 
By coivJngation these two lines are again nnited. IX, X show tlie formation of the zygote by 
fusion of the nuclei of the ganictoM. XI-XV, simrogony. 

I, two opithelial celU sliowing the penetration of a merozoite and its growth into a 
Mchizont. //.C, host-cell ; N^ its nucleus ; mz, merozoite. $zt, schizont ; ky, its conspicuons 
karyosonip. II, the nucleus of the schizont is dividing up. Ill, schiaont with nnmeroos 
daught»*r nuclei (n.n), each with a conspicuous karyosome. IV, the schizont has segmented 
into nnniorouM murozoites inu)j each with a karyosome in its nucleus, implanted on a 
central ntasM of ntsidual protoplasm, which in the ligura Is hidden by the merozoites. V. • 
hoMt-cell containing two young gametocytes. Tlie microgametocyte (i) has tine granttk* 
tions ; the niacrogametocyte (9) haH coarse granules. VI 9 1 & host-cell containing an 
immature female gametocyte (9 ffainc), characteristically bean -shaped, with plastinoid 
inpmules (ji.gr) in the cytoplasm, and a distinct karyosnn^e (ilv) in the nucleus. VII 9> * 
female ganietocyte undergoing maturation, still in the host-cell. The Uxiy has become 
spherical, the nucleus (n) irregular, and the karyosome has been exptUled in ftagments (ky). 
VIII 9 , mature macrugamete, freed flroni the host*ceIl, and sending a cone of reception towards 
an approaching microgamete M gam). \1 i, a liONt-cell containing a full -grown micro- 
gametocyte (<$ oame), spherical, with no plastinoid granules, and with distinct karyosome 
(ky). Ck>mpare Vl 9* VII <{, the nucleus of the microgametocyte has divide<l up to form a 
great number of daughter nuclei (n.n)t leaving the karyosome (ky) at the centre of the body. 
VlII ^, the nuclei of the last stage have become mlcrogametes ( <$ gaw), each wiUi two flagella, 
which are Quitting the protoplasmic body of the gametocyte, anJ swimming to And a macro- 

Smete. I a, the zygote surrotmded by a tough membrane or oocyst (oik), and containing the 
male chromatin, which is taking the form of a spindle (9)t snd the male chromatin in a 
compact lump (A). X, the chromatin from the two sources is spread over a spindle-like 
flsure (n.tyg), ancf no longer distinguishable as male or female. XI, the spindle-shaped nucleus 
of the zygote, having become cunipact (n.jry{|f), is dividing. XII, four daughter nuclei are 
formed, the nuclei of the spomblaxts (it.^.b/). XIII. the four sporoblasts are segmented off 
from a small (piantity of reHidual protoplasm, or " rUiquat kyttal " (rp). Each sporoblaat hat 
secreted a membrane, the sporocyst (<p.ia). XIV, within each sporocyst the nncleus hu 
divided, and the protoplasm is segmented into two spomsoites (s}).t), and a riliqwU tporal 
(rp.sp). Tlie rHiquat kystal of the last stage is absorbed. XV, release of the sporoisoites. An 
aperture is formed in the wall of the oocyst (ode), and the sporozoites («p.z) pass out through 
it, having been liberated by bursting of the sporocysts («p.m), which, with the rHigvatt ipormut 
(rp.«})), are left behind in the oiicyst. 

trophozoites in the usual way, but instead of growing rapidly into 
ordinary schizonts like their parents, they grow much more slowly 
to become the mother cells of gametes, or gametocytes. Since, further, 
the gametes are differentiated into male elements or mkrogameteSf 
and female elements or macrogametes^ their mother cells must be 
distinguished further into microgametocytes and maaogametocytes, 
which differ in all stages of their development. 

The microgametocytes are characterised by their dense, minutely- 
reticular (alveolar) protoplasm, which is very finely and evenly 
granulated, and is poor in larger enclosures or reserve material 
(Fig. 51, VI (J). When fonnation of microgametes commences, 
the chromatin in the nucleus increases, fine granules of this sub- 
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stance being given off from the karyosome into the linin framework. 
At the same time the outline of the nucleus becomes irregular and 
indistinct, and it soon begins to send out processes into the cjrto- 
plasm, forming paths along which the chromatin-granules wander 
out and travel towards the periphery of the body of the gametocyte. 
They reach ultimately the most superficial layer of protoplasmic 
alveoli, leaving the pallid karyosome, now almost deprived of chro- 
matin, in solitary state at the centre of the body of the gametocyte. 
At first scattered evenly, the minute chromatin-granules soon collect 
together and become concentrated into patches disposed at more or 
less regular distances from one another over the stuiace of the cell 
(Fig. 51, YII $), In each patch the chromatin-granules draw 
more closely together and fuse into a dense mass of chromatin, 
which at first has the form of an irregular tangle, but soon becomes 
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Divisiou of the nucleus of the achizont of CoeekCiitm MAttberyii Schaud. (par. Lit4o5iiu 
fofrpeoXyu\ xn schizogony. After Schaudinn [61]. a, resting nacleus, with karyosome (ily) uid 
chromatin-granules (cArX 6, the karyoftcme commences to divide, c, the kai^osome forms 
a damb-b^U-Hhaped figure, round the two extremities of which the chromatin is aggregated. 
d, pomp:'t(^ division of the karyosome, aud separation of the chromatic portions of the nuoleos. 
«, complete separation of the two daughter nuclei. 

a compact lump of chromatin enclosing a single clear vacuole. The 
nuclei so formed become lengthened and drawn out so as to be first 
conmia-shaped, and then elongated and filamentous in form (Fig. 
51, Yin i ) ; each nucleus bends upwards so as to project from 
the body of the gametocyte, envelopeid in a sharply-limited zone of 
hyaline protoplasm, from which two flagella grow out ; active move- 
ments are at once set up by the flagella ; and finally the nucleus 
breaks loose with its protoplasmic envelope and flagella, and is set 
free from the. gametocyte as the minute and extremely active micro- 
gamete, the male element in conjugation. The microgametes swim 
off and swarm away in quest of the macrogaroetes, leaving the 
body of the microgametocyte, which is not sensibly diminished in 
bulk by subtraction of the microgametes, and which, with the 
karyosome still in its heart, is abandoned as residual protoplasm, 
and soon breaks up and dies. It is evident that the formation of 
microgametes is nothing more than a peculiar type of schizogonous 
generation, which differs in certain points, both of method ^ and 

^ Bnt tbe metbod is subject to variations in both cases, in Coccidia generally, and 
th« difference between the formation of the microgametes and ordinary schizogony 
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reeult, from the ordiaary pattern, and nutrica the full stop to n- 
productioD by schizogony. 

Eacli microgsmete ha* a flezibl«, *erpeiitiiM body, 6-7 /* in length by 
barely 1 /i breadth in Cbeeiiiwm sAuim^ (Fig. ft3, o^ i^ ^ «). It may be 
extended at full length, or bent up into the fonn of a U by iU own aetanty. 
The anbetance of the body consiata principally of chromatiii, which, however, 
contains the above-mentioned vacuole in its interior, and ia itaelf encloeed in 
a delicate covering of protopUun, 
£ram which ipring the two 
flagella, one at each end of the 
body. At the extremity, which 
ia anterior in movement, the 
piotoplaunic envelope ia more 
eondenaed to form a ahining 
point or roatrum (r). From the 
baae of the rostrum eptinga the 
anterior flagellum (a.jf), tbe chief 
^ent in forward movement; itie 
veiy fine and alender, about twice 
the length of the body, planted 
on the lido which ia convex when 
the body ia curved, and directed 
baekwarda The poaterior flogel- 
Inm (p^ ia a aimple continuation 
of the hinder end of the body ; 
it ia ehorter than the anterior 
one, and acta more aa a rudder 
(" Schlappgeiieer'), The micio- 
ganete as a whole thug bears a 
■triking resemblance to the an- 
therozoid of a moBS-plant 

In Coeeiiiv.'fA (a«[u«tand Aidta (, 
voaia, tbe formation of the micro- J 
gametes differa in one important e 
point from the proeeea described ™S."oiE:*(^S'.''fc^2rE 
above. When tbe nucleus of long ■bouso) 
the microgametocyte breaks up, 

tbe karyosome divides up first, and its fragments travel to the periphery 
and act as centres round which the chromatin I* concenliated to form 
the nuclei of tbe microgametea. Hence each microgamete potseseee a 
karyosome. The micr(^metea of G. JoaiiA (Fig. 63, e and /) aie 
ampler (3-4 /i in length) than those of G. letaiher^ though otherwiea 
similar, but those of A. ovata have no flagella, and move by undnlaticma 
of the whole body. 

The macrogaraetocytes are diatinguished both from oidinary 
schizonts and from microgametocytes chiefly by two points (Fig. fil. 




MJcnonieU* of Cectidittit Kknitrfi, Behuid. 
t>, d, il lad C. laaaH (I^bbt), ((. /). a,^>odI 
< ilnirn rrain tha IItIde 0t|]*cU; d, *, asd j; 
>u. nwdmana pnMrvri tr' -^-■—' •"— 
.odlnnlHl. 



1 itatnid. Aftar 



2i8 THE SPOROZOA 



YI 9 )• In the first place, they are more or less bean-shaped, and 
only become spherical during the maturation stages. In the second 
place, they are early marked out by the fact that from the youngest 
stages of the trophozoite onwards, they store up in their cytoplasm 
large quantities of reserve material in the form of the so-called plas- 
tinoid granules, bodies varying in diameter from ^ /a to 1 fi, and very 
refringent, rendering the macrogametocytes whitish and opaque. 
The protoplasm is coarsely alveolar, and contains also another kind 
of granule less abundantly. The quantity of food-substance which 
the macrogametocytes store up retards their development consider- 
ably, so that they lag behind the male cells in this respect. 

The plastiiioid granules are very characteristic of Coccidia, and consist 
of a substance termed QocMin by Labb^ which resembles, but is distinct 
from, the granules of paraglycogen, pyxinin, etc., found in Oregarinea 
The plastinoid granules are stained yellow by iodine (not wine-coloured, 
like the paraglycogen granules), and retain this colour after treatment with 
sulphuric acid ; they are not soluble in weak acids or alkalis, nor in ether, 
chloroform, or alcoboL They are not stained by haematoxylin solutions, 
nor by Ueidenhain's Iron- Alum method, nor yet by picrocarmine ur borax- 
carmine ; they are evenly stained, like the protoplasm, by £o8in, Aurantia, 
and Thionin ; and Rhumbler's Eosin-Methyl Green mixture tinges them 
red. The other kind of granule mentioned above is distinguished by taking 
haematoxylin stains, especially by Heidenhain's method. (See Schaudinn 
[61], p. 250 ; Wasielewski \l\ p 51 ; and references.) 

Each macrogametocyte becomes a single macrogamete, and to 
this end it goes through a process of maturation which has some 
points of resemblance to the development of the microgametes, but 
differs as widely as possible in detail (Fig. 5 1 , YII 9 )• The schizogony 
is completely suppressed, and maturation is effected simply by the 
expulsion of the karyosome, which travels during the space of about 
one hour from the centre to the periphery of the nucleus. It then 
passes out into the cytoplasm, and there breaks up at once with ex- 
plosive rapidity into numerous small fragments which are expelled 
from the cell-body. During these events the macrogamete changes its 
bean-shaped form by slow contraction into a spherical one, the entire 
process lasting about two hours. Schaudinn suggests that it is the 
plastinoid granules which by their pressure during the changes of 
body-form squeeze out the fragments of the karyosome from the 
cytoplasm, as a cherry-stone can be squeezed out of a cherry. The 
contractions of the body have also the further effect of setting free 
the macrogamete from the shrivelled host-cell, so that it now lies 
free in the lumen of the gut of the host. The mature macrogamete 
is a spherical cell with a large spherical pronucleiis, as it may now be 
termed, containing chromatin -granules but no karyosome. It is 
now ripe for fertilisation, and is attractive to the microgametes, 
many of which swarm round the macrogamete, but only one effects 
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the actual fertilisation (Fig. 51, VIII 9)- At one spot the female 
pronucleus approaches the surface of the macrogamete, and here a 
" cone of reception " is formed as a little prominence of clear hyab'ne 
protoplasm, from which a thin stridak of similar substance extends 
as far as the nucleus. A microgamete touches the cone and adheres 
to it The cone of reception is at once drawn in, and partly in this 
way, partly by its own movements, the microgamete penetrates the 
macrogamete, and its pronucleus reaches the female pronucleus. No 
sooner is the entry of the microgamete completed than a clear 
membrane, gradually increasing in distinctness, appears over the 
whole surface of the zygote, excluding the less fortunate micro- 
gametes, which die off and break up (Fig. 51, IX). The clear 
membrane very soon becomes an exceedingly tough protective 
envelope, the oocyst (ode), within which, after fusion of the two 
pronuclei of the zygote, the sporogony runs its course. When the 
oocyst is completely formed, the parasite is in a condition to abandon 
the shelter of the host and to brave the outer world. The further 
development can take place inside or outside the host, indifferently* 

It is apparent that the process of conjugation in tl|e Coccidia bean 
the greatest resemblance to the fertilisation by the sexual process in 
animals and plants. Schaudinn has observed some curious points of 
considerable interest in this process. Before the macrogamete has expelled 
the fragments of its karyosome from the cytoplasm, it is not attractive to the 
microgametes, but no sooner has it done so than they are drawn to it as 
by a magnet The attraction, which is evidently ererted by the substance 
of the karyosome itself, acts very suddenly, and reaches from 48 /a to 
130 fi. If exerted near to developing microgametes, it stimulates them 
to great activity; even still imperfect microgametes then develop 
flagella, and in their struggles to free themselves from the micro- 
gametocyte they carry away lumps of protoplasm with them. The 
substance of the karyosome seems to be absorbed by the microgametes 
that swarm to it, and the remarkable fact was observed that the attractive 
[)Ower of the macrogamete was limited as regards the number of micro- 
gametes drawn to it, the usual number being about twelve or fourteen. 
Wlien this number was made up, fresh microgametes approaching the 
macrogamete were no longer attracted. After the substance of the 
karyosome has dissolved up, a fresh attraction seems to be exerted by the 
female pronucleus, which travels to the surface. 

The fusion of the two pronuclei in the zygote takes place in a very 
remarkable manner. The female pronucleus passes back to the centre of 
the zygote and becomes drawn out in the form of an elongated spindle, 
on which the chromatin granules arc arranged in parallel rows running 
in a meridional direction (Fig. 51, IX). The male pronucleus, at first 
huddled up at one pole of this nuclear spindle, also breaks up into granules 
of chromatin, which mingle with those of the female pronucleus, and cause 
the spindle to increase in size until it finally stretches through the entire 
o<>cyHt (Fig. 51, X). One pole of the spindle marks the point of entry of 
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tlie mieroguueU, when iu diMppoisled wnnprnioiii an Mill to be aaan 
ODUida the occjU. Tha peeoliu ipindle-like MtMigwnmt of tha nneleu 
in the ijgote hu nothing to do with nndeftr dinnoii, bat i* nrnplf ■ 
mcAiu of mixing intimately tha chrometin derived bom-two diflerent 
•ometa, and when thie i* effected the ijniidle omtncti and lonndi itaeU 
off, the filial leaolt being a apherical nodeiu^ the fouon-inodaet of the two 
pnmnelei. It ii nmallj in the rtage with the fertiliMtion-tpindle that 
the odc7«t paaeea ont of the bodj of the hott. 

The nucleni of the sygote [noceedB to divide £y At dind meOud 
(fig- 61, XI, XII), finl into two, then into four nuclei, round each 
id which tlie probopUam aegmenta into four mainieiri the ^ffroMoib 
(ardiupom, LabM). A certain amount of granular protopkam ii 
left over aa a cyital renduam, which occiqiiea the centre of the cyst 
between the four eporoblaata, 
and is slowly absorbed during 
the further developmenL Eaoh 
Bporoblast acquires an oval 
form, the nucleus being at the 
<;entre (Pigg. 61, Xin, and 64, 
a). On either ride of the 
nucleus there is a clear spheri- 
cal vacuole, one of eight rimilar 
vacQoles fonned in the xygote 
containing a viscid sabstance 
derived, apparently, from the 
plaatinoid granulea before the 
Bporoblasts were segmented off. 
The sporocyat ia now secreted 
round the iporoblast in two 
coats ; the gelatinous epi^on 
appears first, then internal to 
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tonthar. i, two aporoioltu, UTUg«d Uti-bMt, the SpOrOCyst IS COmplOtC, thO 

Scno™ /!^r<fB™fi2Mfpiitung™S''thf two nucleuB of the spore divides, 
2^^S;i,;;^^*-„";r,,''S^i"' "'■~^»*- agM" It the direct method 
r.p.ji., r»i<iii.iiirov>pi«mofth«.porr. (Fig, 64, b and c). The two 

daughter nuclei place them- 
selves at the two opposite poles of the spore, while the two clear 
spheres come together at the centre and fuse into an oval body (Fig. 
64, d). The protoplasm of the spore now segments into two sporo- 
xoitee, each with a nucleus, and a central mass of residuary protoplasm 
containing the above-mentioned oval body, and also a number of 
plastinoid granules ejected from the sporozoites, which have coarsely 
alvoolar protoplasm free from large granules (Figg. 5 1 , XIV,and 54,«). 
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With the formation of the sporozoites the life-cycle has been brought 
back to its starting-point, and requires only the infection of a new 
host 

The sporogony takes two or three days in QocMivm tchttbergi ; in 0. 
falcifomu of the mouse it takes ss long as four days. The dear spheres 
mentioned above in the sporoblasts and spores can be isolated by crushing 
the spore, snd are vlBcid, plastic bodies which dissolve in dilute or strong 
acids, and which, when treated with weak acetic or hydrochloric acid, 
swell up before dissolving — a property which Schaudinn believes to be 
largely instrumental in the bursting of the spore-envelope in the gut of a 
new host The first effect of the digestive juices is to produce an aperture 
in the wall of the oocyst (Fig. 51, XV). Then the sporocysts burst 
with a distinct jerk, always along an even meridional line, which, if 
preformed, cannot be detected beforehand. The sporozoites lie tSte^ehe 
within the spore, snd creep out in different directions (Fig. 64, /). 
The oocysts, sporocysts, and residuary bodies are left behind and cast 
out with the faeces. 

The infection of the Lithobiui is always a casual one, by way of the 
digestive tract Sometimes a centipede becomes infected by eating another 
of its kind ; infection then is conveyed not only by the oocysts, but by 
all other stages except the immature, not fully -grown schizonts or 
gametocytes, which pass out with the faeces after digestion of their host- 
cells. Frequently the faeces of infected centipedes are eaten by wood-lice 
(Onitciu and PorceUio), The contained oocysts then pass through the gut 
of the wood-louse quite unaltered ; but if a wood-loose containing an 
oocyst be eaten by a centipede, the latter will become infected. In this 
case the wood-louse is not an intermediate host, but a simple carrier. 

It follows from the mode of infection that centipedes living in a con- 
fined and restricted area have a much greater chance of taking the 
infection from one another, and Schaudinn found that a very large 
proportion of the specimens of Lithohiui obtained by him from outhouses 
in the grounds of the Zoological Institute at Berlin were infected with 
the parasites, but that Lithobii collected in the woods and forests were 
generally free from them. 

In moles infected by Cydosporoy Schaudinn [51a] found that the 
infection was not transmitted by cannibalism, although these pugnacious 
animals frequently eat each other. He believes that in nature the mole 
becomes infected by eating wood-lice and other dung-feeding Arthropods, 
which have fed on the faeces of other infected moles. 

The variations in the morphology and development of other 
Coccidia, as compared with the type here selected, are best con- 
sidered under two heads: first, structural and morphological 
variations in the individual stages of the life - history ; secondly, 
variations in the composition of the life -cycle considered as a 
whole. 

(1) Morphology, — Some of the differences between Coccidium 
sdwAergi and its two colleagues,' C, lacazei and Addea ovaia, have 
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already been noticed incidentally, but a few other points require 
•pecial mention in other forms. 

The Khiiogony ia uiuall; Terj Bimilar in ita characUn to that 
detcribed above, and alwaya lacks cyrt-membranes of any kind, whether 
ronad the schizont ai a whole or in the form of ipore-envelope*. The 








BeblMCOIiT of AMta onUa, A. achn. (pir IMMAv }vfaaML\ tXVx Stedlsckl [U). n-e, ! 

Eantlon ; a.], i gnti«ntiOD. a. fuU-Eiown f (CbliODt {macntOutrnt), with n Urn coelrai 
eoaulnlng ■ coniplcuoui lurjiowina (M. b, comnimceuient of uhiiogDny; t£e Doclmi 
dlTldid up to rorm ■ oumbgr ot rUoghlar nuclei (d.nX tuh conilitlng of n Diuntnr 0[ 
rod* or ehtnmitln arrmngsd tn ■ lUr-ihiprd niAODtcIn ■ cl«ripw«. Th* luryoutna of lUf* 
n hu brok«n up into i grait niHDbu or daughter kuroomci, each or which ronri at Bnt 
tba Mnti* of Duf> of tha itu-mhaped daughter naclel; but In a ahort tlTua th* daughUr 
kaijroaoniM Iwcoiiie Inconiplcuoua, and aeeiii to be abaorbod, or lo be got ltd of In aomswiy. 

(V au\ ImplintiKl on a mnan quantity or residual protoplaim (r.p). Each J ineioialte hai 
■ cbnmatle oiiclem (n) wlth<<ut a kirjoKme. i, full-grown J aohliont (nKroacAioitl), 
wiU uuclaua (a), karnawme («.>), and a number of ehaniclerlatlc plnment-Kraimle* (p.p* 

(^Hl^ aMh with a ounaiilfitoua karjioacme (l-j). /, complet^n of ichlEaEonr. The ]iuinen)ai 
liildniiMroiMI«>(J iiii[1iavi e«h a nucleua with a cooiplcuouit lcarTogoin« (t-y) at one pola, 
and tha nrotflplaani cnmulnt |)i^ueut~giBnulei (p.^) near the nucleui, on the aide furthtat 
tnm the karyiwini', 

term " Eimerian cyit," so frequently employed, is therefore a mienoraer. 
There ia always a large amount of residuary protoplasm, aad when the 
formation of the merozoites is completed, tbey very frequently take on a 
characteristic arrangement, like that of the divisiona of an orange or the 
staves of a barrel ; hence this stage is termed by French writers the 
"corps en barillet" ; it ta bomologoua with the "stade en rosace" of the 
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Haemosporidia. When the merozoites are very numerous they may be 
disposed in a double series. The remarkable form parasitic on PolYiniMak^ 
recently described by Siedlecki [55a] under the name Car\i(A,roghA 
mufMliiy presents an interesting divergence from the usual type of 
schizogony. The schizont divides first into ten or fifteen large rounded 
cells, termed by Siedlecki tchizoiUocyUM (Fig. 67). Each schizontocyte 
then gives origin to twenty or thirty merozoite?, so that the host-cell 
finally contains not one but many ** barillets '' (Fig. 67, ^O- '^^^ method 
of schizogony recalls the formation of spores in Porospara (see above, 
p. 188), and is also interesting for its relation to the formation of the 
gametes (p. 225). 

In Coccidium schubergi and most other Coccidia the schizonts 
show no trace whatever of sexual differentiation until the final 
term of the schizogony, when they l>ecome gametocytes of two 
kinds, distinct fix)m one another and from the ordinary schizonts. A 
most importcint variation of this ty\yQ is seen in Adelea ovaia (Fig. 55) 
and some other species, where the trophozoites formed from the 
sporozoites exhibit sexual characters from the outset, and can be dis- 
tinguished as male or female, but multiply asexually through many 
schizogonous generations before finally giving rise to gametes. An 
extreme case of sexual differentiation during schizogony is seen, 
according to Schaudinn [51a], in Cydospora carffolytica from the 
mole, where no differentiation can be observed in the sporozoites 
themselves, but is discernible in the trophozoites produced from 
them after one hour's growth. The female schizonts of Cydospora 
have coarsely alveolar cytoplasm of very fluid consistence, and 
without any reserve substances. The male schizonts are charac- 
terised by the possession of strongly refractilc, pigment-like granules. 
The merozoites produced from the two classes of schizonts also 
differ markedly both in character and arrangement. The female 
gametocytes have a coai^sely alveolar cytoplasm packed with 
large granules of reserve material resembling yolk, while the 
male gametocytes are distinguished by cytoplasm which is ex- 
tremely finely granulated and stains very readily. In this 
species, therefore, four distinct classes of trophozoites can be 
distinguished. 

In some Coccidia — for example, Adelea ovata, A, mesnili^ Eimeria 
nova, and Klossia helidna — the number of microgametes produced 
from a microgametocyte is not indefinite, but constiintly four only. 
This reduction in the number of microgametes is usually coirelated 
with a precocious association of the gametocytes, a condition re- 
sembling that which is commonly seen in Gregarines. Thus in A, 
ovata the macrogametocytes when full-grown fall out of their host- 
cells and pair with microgametocytes, which may be not full-sized. 
The two cells adhere together, and the female cell undergoes 
niaturative changes, becoming a macrogamete, while the micro- 
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gunfttocyte producea four tnicrogunetei (Fig. 06), One of the latter 
fertiliNi the ripe nucrc^amete, while the other three perish. 




Oniilngitlnn of Aidn bxoIh, A. Schn. (|>u. LilHtthu M/laa^). lifter B: 
nodlncd. a ■ mlcrwjhlwHl, not fgll-growa (cinnian Pig. ii, d), baeonui 
{i »7K)«ii(! atuchai Itt ■- "■ - 

rfU!«inicroEMHioUKjWdl 



ikl [UJ, MgkttT 

--. — ucrosiLawtooyl* 

._ .„.,^.iietocji*(9 gaiK). t, Ow nneMni 

Urdividea — p, Into four diDght«r Due tel, which bKams — d, foar mfctriKiuntM 
K6 foft^ iiiB KuyDAume of tha mJcropiDAtoe)^ i]Ijmpp«hth1 wh«n dlvlilon of ths nudvut 
oommencM. (, on« ot tha inlcrcniiiatA* peoetntei th« udcroHunete, which formi ft rftrtUli^ 
(km-iplndls, coinpo>f<l ot i isd 9 chcomitln (dkrX >U11 dlatioet rrom Hch Dthcr, und occupf. 
ing oppoAllA pol« of the ipladlB^ Tba other thn« mlcTogftiD«t«i I ^ pan), and the r«ldiift] 

Ctoplum of the iiilcroninetocTts (r.p), eonlftlalng the plgmint gnnulm. perlili and dki- 
ignt< on the ouUlde oit the nucrocaniete. The tiiiyounit uf Iha jiiftcrogajiieta hu bnkan 

producM tha iLiigla nucleui ot Ilia lygou (n-tni- 

NoCt.— In thliconJomtloiiiiiiappumtdinenncelDthaitasHliciuinl h^ thcpotltinnorUM 
nnelaiuor tlH ? nmew. which plicaa itaelf at ona po)e of the bod)', eltheiat the pole neanat 
to tlM mlcnigimetocyte (a, c, () or at the pole furthrat troin It (b, d, /). In iIif Hut cue tha 
totOiiIng mlcraganiete penttrmtaa the mlcrogMiele at onea. and tha three roaldnArj micro- 
pniataa u« fonned near the renulna of the mlerogftmclocylT. In the iKDiid cue all loiit 
mlcrojftinatea Uavel round to tin pole furtheit from the nikujgftinelocjte, wh*ra penatntUm 
ot tha hitlKalDg element takta place (/). 

In A. mesnili uid Eimeria nova the development ii Biniilu', but 
the gametocytes may or may not associate before the maturity of 
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the macrogamete. In Klossia helicina preoocioiu associatioa of the 
gametocytee occurs, but in this case the female parasite b not 
set free from the hoet-celL Se\ceral microgametocytes penetrate 
into a kidney-cell containing a macrogametocyte, and there form 
each four microgametes, one of which fertilises the macrogamete 
when mature. In all these cases the economy effected in the 
number of microgametes produced is probably related to the early 
pairing of the gametocytes, and the consequent certainty that the 
union of the gametes will be effected. 



In the formation and maturation of the gametes, the most 
feature in the instance selected is the elimination in both sexes of the 
karyoflome, which, like the macronuclens of Infusoria, would appear to 
represent effete nuclear substance which is cast out and formed anew at 
conjugation. The karyosome is not, however, always eliminated before 
the actual union of the gametes. To go no farther than the LithobiuSf 
in Coccidium lacazei and AdeUa ovaia the karyosomes are retained in both 
the gametes, and the same is the case in Coccidium proprium, A. Schn., of 
Triton. In all these instances, however, the karyosomes are left behind 
in the residual protoplasm of the oocyst, and do not pass on into spores 
or sporozoites, so that the result is the same. In Coccidiwn lacaxe^ 
correlated with this difference, Schaudinn observed microgametes swarm- 
ing round immature, half-grown macrogametes, which they never do in 
C. tchuhergi. 

In Cycloepora caryolytica the karyosome of the male gametocyte 
becomes divided each time that the nucleus divides, and the nucleus 
of each microgamete contains, at first, a distinct karyosome ; but as the 
nucleus assumes its definitive, elongated form, the karyosome is suddenly 
ejected from it, and is left behind by the microgamete when it swims off. 
In the macrogametocyte of this species a very interesting process of 
maturation takes place. The karyosome first becomes fragmented to 
form a clump of fine granules, constituting a chromatic nucleus, which 
divides by a primitive form of karyokinesis into two. One of the two 
daughter nudei divides again in a similar manner. Three nuclei are 
thus formed, two of which become slowly absorbed in the cytoplasm, and 
represent as it were polar bodies cast off in order to bring about a 
process of nuclear reduction. The third remaining nucleus becomes the 
pronucleus of the macrogamete (see also below, p. 273). 

In Adelea ovata, according to Siedlecki, the two consecutive nuclear 
divisions to form the four microgametes are different from one another : 
the first is regular and resembles karyokinesis, the second simply divides 
the chromatin into two halves. The author believes that the first 
division reduces the quantity of chromatin, the second the number of 
chromosomes. In this form also a quantity of chromatin is eliminated 
from the macrogametocyte at maturation, prior to fertilisation. The 
maturation of Adelea ovata would thus seem to approach more nearly the 
Metazoan type than does that of Coccidium echiibergi. 

In Caryotropha the microgametocyte does not divide up at once into 
microgametes, but first into a number of spherical cells, which may be 
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termed miciogunetocytei of the second order, and each of which givea 
riK to numerous microgunetea. Hence in this fonn the correBpondence 
between the ordinary Bchizogony and the formstion of the microgametcs 
is rery exact (eee above, p. £S3). 

The mierogKmet«i tatj greattf in their character!. Onlj 3-4 /• long 
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tJon of » iiiicrog«iiiBl»(J) tlinnKh the mlcropjle (Mp) of Uiii loiiah ortcyil (oh;), by wtlclil 
tliiiilt eiiiieU li lumunded. Tha ? giineM only putliilly nlli the owytl. wfaich IE oi 
tauebm ■( tbn microp*!*. lU naelaiu (n) hu lout lu iiiainbnna, ind It pMrihipad, wll<- 
4MlB«d llmlU \ It Umchca th« inloopyle ^ oii» of lu sttrrnilUaa, Mid it lh> oppoilu ciiir 

UU chnliutin (!) I* IggngiMil In tha (Onii of ■ numbar of llUla nda round a ccntnl kuryoi 

t, th* mkcrseuaeta aftar penetrmtion bmki up Into uniHa of chromatin <^). The micniganiala 
liaa wlthdnwii from tha mlcrDpy1^ leaving a plug of procoptaaiu (pjattachedtoit, which cloMt 
tiM apartuta. Two vacuolat (mrt have auiHrrd In tba macrogaiiiala, containing euh i UtUa 
chromatic iphere. perhapi darlvni rrom tha karyoMiua. c, a tartilliatlon-apltidia li formed. In 

do^a one, which penk»tj tliroiighout thp BpDTulatlon. and la left In the raalduary proltjplum 
of tha cyet i, •./, Uiennclaui nf the lygot* (ihiKr) become* comjuict (d), tben divldea Into 
two nuclal (t, A *nd Dnally Into four. 

in dxaiiivn lucoiei, they reach ten times t}mt kngth lu Kloitia, but in 
each ca«e are scarcely 1 ^ in breadth. The tiagella weie lirat discovered 
by L^ger in the microganietea of Barrouuia caiuUila, Lcger, from Lithobiut 
martini, and in other forms. They have not* been demonstrated in a 
number of apecies ; and though usually two in number, they may vary 
in position ; iu the above species of Barrimuia and in Coeeidium oviformt 
of the rabbit, both flagella are attached to the anterior end of the gamete. 
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Finally, in AdeUa ov€U<i, aB already mentioned, and in Benedenia eherthi 
(Fig. 68, c\ the flagella are totally absent, and the microgamete moves 
by undulating movements of the whole body. 

Two interesting variations are seen in the condition of the macro- 
gamete at fertilisation, which add to the striking resemblance between 
this process in Coccidia and the fertilisation of the ovum in Metazoa. 
In Coccidium achubtrgi and many others the macrogamete is naked until 
the penetration of a microgamete into its substance has been effected, 
whereupon the oocyst at once commences to be secreted, barring out other 
microgametes. But in C. propriumf parasitic in newts (Fig. 67), the oocyst 
is secreted round the macrogamete before fertilisation ; within the tough 
membrane the protoplasm contracts and is in contact with it only at one 
point, where a micropyle is formed, a minute pore through which the 
microgamete enters (Fig. 57, a). When this event has taken place the 
micropyle is closed up and the protoplasm withdraws from it (Fig. 67, 
h and c). A fertilisation- spindle occurs in this species, similar to that 
described above, but apparently less regular in arrangement Since in 
Coccidium ovifomu of the rabbit the protoplasm of the macrogamete is 
also contracted and does not fill the oocyst (see Fig. 62), it is not improb- 
able that the envelope in question is formed before fertilisation as in 
C, proprium. 

In Cyclospora caryolytica the fertilisation is remarkable for the occur- 
rence of polyspermy (Schaudinn [5 la]). A great number of microgametes 
enter the macrogamete, but only one fuses with the female pronucleus, 
the others being absorbed in the cytoplasm. In other respects the 
fertilisation is of the usual type, with formation of a fertilisation-spindle 
and secretion of a tough oocyst round the zygote. 

In the sporogony the greatest variation occurs, and as the modern 
classifications of the Coccidia are founded entirely upon the character of 
the spores and their formation in the different types, it is sufficient to 
refer to the systematic review below for information on these points. 
It may be noted, however, that the spores of Coccidia are usually of 
simple form, the sporocysts not prolonged into the tails, spines, or other 
processes so common in Oregarines and in Myxosporidia, the only excep- 
tions to this rule being Minchinia chitonis (Fig. 66, a), Echinospora labbei 
(Fig. 66, c), and Barrottsna caudala ; and further, that with very few excep- 
tions the number of sporozoites present in the Coccidian spore does not 
exceed four, and seems never to be eight, the usual number in Oregarines. 

(2) Variations in the Life-Cycle. — Although there are but few 
Coccidia, relatively, in which the life-cycle has been studied in full 
detail, yet some important differences have already been made 
known between the different species so far investigated. It has 
already been stated above that Adelea ovata differs from its two 
colleagues in Lithobius in the important fact that the sporozoites 
which start the life-cycle in a new host give rise from the first to 
sexually differentiated schizonts, which proceed to multiply by 
schizogony for a number of generations before finally giving rise to 
the gametes. 
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In Btn/^Maa ebertki from Se/HO, the sporozoites givA riae to 
indiffereDt trophoEoitei, which, however, when fuU-grown, beeoms 
ffuatUxytM, which give rise at once to gametes, >o that in thie fonn 
tte tehixogoiunu eyeU doei not exitt. 

The life-cycle of Beiitdeiwt ia therefor* of a nmple type, and 




FonutlaB of ^dbM uiI MnUngaUon, In Bntinia ittrlkL I^bM (ni. 3t^\ xMXI, tntr 
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to tbF nriphuT ud prolMit mwi tlia pratopUunla bodr- <■ •■en diofhta udcImi bunma an 
■loDRiM Teimlftonn mtcro^isata ( i am\ conipoaad prlDClpkUT Df chimiMlD, witli > anil] 
qnuitlty or pratDplua, i<, i, /, cooJi>B*Uag. it. In tlu mienaiiNt* Ui* noolto* pbeH IImU 
In contut with the lurfku of tha bodf, aad br eoodeantlDn of th* Dhmutla natirort ■ nam 
otchtomiUnf? atr)ti fonnsd ittb* pola of Ui* noeitu tarthHt trom tba mfto* of tb« bodf. 



J differs from that commonly seen in Gregarinea in certain 
details of the conjugation. Its entii* history may be expressed as 
follows :— 

The life^ycle of AdeUa onta is similar, Init the complication of 
schizogony is introdaced : — 

Sp<iroio1t*->jOuiMocTt«(IIICR>Khl»nt)x jll«n«4M(lll<in>nian»H«)->- . . . 

8poroiolte->-9G«metoeyU(lI«on)K»ilH>nt)K91fnDiott«(ltocroimio«olt«)-^ . . . 

:^|a™^jEt>-'|orS.'!r } + -«"«*lO*'nt)x-8po~x™8po™oit«. [-11 

Finally, in Coeeidium tehvibergi and other forma the fullest com- 
plication is developed : — 

~ BahUMiM X KyQiotf^ 



Sporoiolt«->Sehi»nl 

j{ Own* t«rt*> x« j 04»tw 1 ^ 
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It is thus seen that the life -cycles of the Coccidia can be 
arranged in what is evidently a natural series ; but it is open to 
debate which end of the series should be considered as the more 
primitive, and should be taken as the starting-point of the evolution. 
The tendency of modem authorities has been rather to consider the 
condition in Coccidium as primitive, and to regard Benedenia as a 
form in which the alternation of generations is secondarily sup- 
pressed. It does not, however, seem probable that a method of 
reproduction so useful to the parasite as the schizogony would have 
been abandoned when once acquired, and the existence of the vast 
legion of Gregarines, in which schizogony is of the rarest occurrence, 
makes it probable that in Coccidia also the primitive ancestral 
type was without schizogony, and that the alternation of genera- 
tions has been acquired by the majority of the group as an 
adaptation to parasitic life. But even assuming the correctness of 
this view, it does not necessarily follow that the case of Benedenia 
itself is primitive. More intimate acquaintance with the life-cycles 
of different Coccidia is necessary before a definite opinion can be 
framed with regard to this point. 

(c) Classification, — ^The order Coccidiidea is divided into families 
chancterised by the number of sporocysts (if any) formed within 
the oocyst Generic characters are sought chiefly in the number of 
sporozoites formed in each spore, and to a less extent in the form 
and characters of the sporocyst. Four families are thus recognised, 
but the differences which separate the first of ^hem, the Aspara- 
ci^idae, from the other three are such as should give it the rank of 
a sub-order rather than a family.^ 

^ Tlie clMtifioation of Labb^ [4] is founded upon the number of uiiiuncleate 
iBMSes or arthitpores into which the achizont or sporont diyides up in the flnt 
instance. In JKm&ria each archiapore becomee a sporoioite ; in other forma eaek 
arehiapore becomea a aporoblaat which secretea the aporocyat, and then may ftirther 
divide up to form aporozoitea. On this baais of diviaion Labb^ founda two aub-orden 
— I. Polyplastina, with numerous archiapores {JSimeria, Klottia, AdeUa^ etc.) ; II. 
Oligoplastina, with few (2-4) arehispores {Coceidium^ Diplotpom, etc). 

L^ger [47] considers that the primary subdivision of the Coccidia should be 
based upon the number of sporozoites formed in each oocyst. He therefore classifies 
them as follows : — 

A. Coccidia with polyzoic oocysts, including (1) Atporooyttidae {^imeria), witk 
90 sporocysts ; and (2) PclyiporoeytUdae^ with sporocysts, which are monozole 
(BorrouMM), dizoio {Adelea), trizoic (Benedenia), or tetrazoio (Klotsia). 

B. Coccidia with octozoic oocyats, including (1) DiMporoeyetidae, with two tetrazoio 
sporocysts {Diploepora) ; and (2) Tettxuporoeyttidme^ with four dizoic sporocysts 
{Ooceidiwn^ CryttaUo$pora). 

C. Coccidia with tetrazoio odcysts, including one genus (and family ?) Cydo^pora^ 
with two dizoic sporocysts. 

Mesnil [49], on the other hand, divides the Coccidia into two divisions, the 
Asporocystea and the Sporocystea. The Asporocystea are to include the Asporo- 
blastea ten Monosporoblastea, for the species LegereUa {Biineria) nora, and the Sporo- 
blastea, for the malarial parasites. The S^>orocy8tea are the ordinary Coccidia. 

It should be noted that the four families of Coccidia now generally recognised are 
not named in accordance with the accepted rules of zoological nomenclature, which 
require that a family should be named fh>m its type-genus. Tlius UMAtporocyttidm 
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Family 1. Asporocystidae, Lcger (Tribe Monosporeaf A. Schneider). 
No sporocysts are formed within the oocyst ; the sporozoites are naked 
(gymnospores). 

Genus 1. Eimertay A. Schn., 18T5 {Legerella^ Mesnil, 1900). With 
the characters of the family. 

The genus Eimeria was founded by Aimo Schneider for the 
Gregarina falcifomiis described by Eimer (1870) from the intestine 
of the mouse. The diagnostic generic character was the absence of 
sporocysts. Several other Bpecies were afterwards added by Schneider 
and others to the genus. The rapid advances that have been 
made within recent years in our knowledge of the life - histories of 
Coccidia have shown that nearly all the species of Eimeria are nothing 
but the schizogonous generations of Coccidia belonging to other genera 
and species. Thus the type species, E. falcifomiis of the mouse, Wcomes 
Coccidium falciforme ; E. schieideri, Biitschli, from LithMus, is the 
schizont of Adelea ovata; while E. schneiihri^ Schneider non Biitschli, 
appears to be that of Coccidium lacazd (Labbe). E, iiepae is probably 
identical in like manner with Jjanvussia omata from the same host. In 
the light of these facts, it appeared, until recently, extremely probable 
that the name Eimeria was about to become a vomcn nudum j a, fate which 
has already overtaken the " Eimerian " genera Pfeijftria sen Pfeifferella^ 
Labbi^ ; Karyophagus, Steinhaus ; CytopJuiguSj Steinhaus ; Acytdis^ Labbe 
(founded to include the two foregoing) ; Gonohia^ Mingnzzini ; Molybdii, 
Pachinger ; and Cretya, Mingazzini. 

Quite recently, however, it has been discovered by L^ger [47] and 
Bonnet-Eymard [31] that one species, at least, of Eimeria has claims to 
independent recognition. E, nova^ A. Schn., from the Malpighian tubules 
of Glomerie has been thought to be the Eimerian stage of Cycloepora 
glomericola, A. Schn., from the same host ; but Glomeris guttata in Provence, 
and G. omata in the Dauphin<^, are infected with the Eimeria, but not 
with the Cyclospora. Examination of the Eimeria shows further that it 
has a typical alternation of generations ; schizogony, with differentiated 
male and female schizonts, as in Adelea ovata, is followed by sporogony, 
with the formation of a zygote which breaks up within a resistent oocyst 
into thirty or forty naked sporozoites, arranged side by side, or in a 
twisted bundle. 

Eimeria nova remains, therefore, an independent species, the only 
one ^ at present contained in the genus after subtraction of those which 
are merely schizonts of other species. The true Eimeria is easily 
distinguished from the false by the fact that its naked sporozoites are 
enclosed in a resistent o<)cy8t, whereas in schizogony there is no cyst- 
envelope of any sort enclosing the merozoites. 

shoulil be Kiuieritiac (or LcgereUidae) ; the Jjisjjoroct/stidae should be Isfsporidae ; 
the TetrasporoctfHtulae should be CoccidUlae (or Eimeridae) ; ami the Polysporo- 
cystulae should be Khssuhe. 

* Since this was written Cuenot [32] has de8cribe<l another species of Eimeria, 
under the name Legerelhi testicvh\ which is parasitic in the testis of Glomeris mar- 
gituUa, and therefore occurs only in one sex of the host. In this form precocious 
association occurs l>etween a macrogametocytc and one or two niicrogametocytes, 
as in Adelea ovata. 
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Mesnil lias proposed, however, the new generic name L^er^Xn for 
Eimeria novo, on the ground that the use of the name Evrntria is incon- 
venient now that all the other species have been found to be simplj 
•chizogououB stages. Experts learned in the laws of Eoological nomen- 
dftture may decide hovr far such a course is justifiable and proper.' 

Familt 2. DiRPOROCTSTiDAE, Ugcr (Tribe Ditporea, A. Schneider). 
The oocyst contains two spores (cblaiufdospores). 

Genua 2. Cydotpora, A. Schn., 1881. Spores dizoic. 




•—••! of th« odcTit lii 

Hiia two iponblAsU. 

Ipom. K, ipon mon hlghlj mudlDed, 

Aom Wulafswiki, *ft«r A. Schneider. 

The tjpe-species is G. gbrmericota, A. Schn., from the intestinal 
epithelium of QUmtru. Very recently Schaudinn [Iila] has described 
in great detaO the life-cycle of another species, 0. earyotytica, Schaud., 
which occurs as an intra- 
nnclear parasite of the 
intestinal epithelium of the 

Qenus 3. Diploipora, 
Labb^ 1893. Spores tetra- 

Tjrpe-species, D. laeaiei, 
LahhUiacliiding D.rivoUae, 
Labbi), from a great nnm- 
ber of birds. Others are D. 

eammilUrii, Eagenm., from 

the Hzard OoTtffyliu oceUatta; 

D. memili, Sergent [&lb] 

from Chamadto vulgarit ; 

and D. ^v«rant, Hagenm., 

from the snake Coehpeltit 

lacertina, both occurring in 

Algeria. D. li^trhihni 

(LabW) (Fig. 60), occurring 

in the kidneys of Rana etcfilenla (where it was first noted by Lieberkiihi 

in 18fi4), has been made by Labbj the type of his genus Hyaloklotrii 

' Btilcs [C>9] bsi nceDtlf proposed tha nune EimeritUa, ss & lubatituU To 
A'mmo, on th« gronod tli*t tiie Utter name belongs, bjr right of priorltjr, to th 
genus cominoDl; known ■■ Oi>oMi»m (sea bslow, p. 232, footnote). 




Fio. M. 
Cyitj of IHpfaiiwra li4btTHAni (I^bM). (par. Bma 
itatUnlaX a. cfJit wtth two ipcmhlutji, wch with two 
^hronutlD nuuea («Ar). b, cfit with two ripe ipoTH, 
wch containing fOur iponiiollra (qi.i) and ■ ■poni nai- 
luum {ip-r). AtUt lAvenD snJ lloiill [401. K IDDO. 
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(wid* ii^T», p. 986). Tha Kprodnction of D. latmti bai been itndicd hy 
LkTenn. Bj muij authon this gentu it nnited with the followiiifpi 
Qeniu 4. Iiotpora, A. Scbii., 1S61. Spore* poljioic 
/. nira, A. Sclm,i from the black alug Limaa einsrto-itigtr (kidnejstX 
chuaeteriMd bj btviug namcrout iporoioilei in eadi 
■pon (Pig. 6lX 

Family 3. TnRASPOROCTSTlDAi, L^er (Tribe Ttlrm- 
tpona, A. Schn.). The oocjK eoDUine fonr aptoM 
( chluDjdotpore*). 

Geniu 6. Oieeidittm, Lenckut, 1870. The dinie 
■poTM are (pberical or ovaL 

A ver; Urge number of ipeciea, eonflned, wiUi bm 
nSr'fci.'^f^ exoeptiona (lee p. 206), to Vertebrate borti, mi ooeu- 
Uaui ip.\ ibtn- ring eomnionlj' in all kindi of Tertebratcs. The typ* 
^i^l^°jtm u'l beet -known tpecie* ii the common C. imi/ormt, 
A^a^^n *"" I*o<*,» from the labbit (Figt. 47 and 6S> whidi ia mlA 
to be found oecaaionaUj alao in man (*ee lefeienee on f. 
SO0). In SauK^iaida tli« prevailing tjpe i« Diplotpora (see abore), but 





tiMUnrortlMnbUt. aftwByiteri, 

, „ „, — , _ whick tb« BntdpUoB li bighiaiM m 

MJcnt at tlw two pol«^ b, Ow tmtihiM coatncMd lualf ttAea 
■tuloii Into ttui ipmbluta. d, aloiinllon ot tiH ■pcnblMla to 



MnUinH, 
_, _,_,jd IndlTldiw 

nlwlDal tor , , 

ntn upon*. (, tout tamttVU •pom In tba otfcTit. /, 
■bowtng tba two ■ponnaltts ud ■ •mall qnantltr of iMdi 

CotcidUtm raiUitli, Uger, baa been deacribed from the inleatiDe oftJM 
alow-worm Angui* fiagili* ; and C. dilagn, Labb^ from that of the water- 
tartotw OUlvdo tvTDpaia ; while C. UntUxm, Bailliet, with KTeml varietiai, 

' I^Tcnn, Meaull, Behanilmii, and Blaochard an appanntlj at opinion that 
Bclmghlcr'a dMeriptlon or Imupora rora a* poljioic waa enonaoaa, and regard tUi 
■peciu u tctmoic, thertbjr making tha genera Jtoipora and Dipleipora r/naajaonM. 
HsDce, ilDce Itotpora li tha older nam^ the; make nae of it for all tha apodea h«r« 
tarmad Diplatptfra. But nntU Schneider'a tjpe of Itotpora haa Iwen re-ciamlDed, It 
b nmcwhat prematare to unuM that to eiperianoed and diitlDgaiihad an inT«att> 
gator wai in arror In deacribiDg it ai foXywAe. 

* Bat according to LabM [4] the name Piontptrmitan aauetdi, RlToIta, 1878, 
It prior to Cottidiun ovi/onie, Lenckart, 1879 ; tha correct dealgnation of th* 
•peclaa would thertfare be CotadivM cuniaili (Rlrolta). According to atilea [C8], 
OB the other hand, the tpeciei wag named Monoq/itit ilitdat bf Lindemann Id 18IIB. 
Blnca, moreoter, the tjrpe-epeclea of Simeria (£. /alc\foTmit) bai proved to ba a 
GbeeirJiHm, thla aathor claima thatfimcna 1S7C, aa a ggneric name, haa prlorit]' otv 
(iteidium 1879, The conclnalon U that Cocddinn u a generic name ihould dia- 
appear, and tha Coecidian paraafte or the rabbit') liver ahould ba called Kmtria 
Mtitit (Lindemann). Lahe (4S<i) ii or the *ame opinion aa ragarda the applieatloil 
■ad ealklltf of the ganerlc names Eimeria and Cbeciiftum. 
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U found io bird*. In Tn«mm«la and in lehthyopuda numeroni apeeiM 
are found. 

Laveran and Meanil [09] have T«c«ntly deacribed a ipeciea from the 
intaitine of the frog {Rana tteultnta), in which the sporocyrti, after being 
formed in Ihs utual manner, become rediaaolved, leaving the eight ipoio- 
loites free in the cjat, thu* bringing abost wcondaril; a condition rimilur 
to that which charaeleriaet the genus Bimtria. The authora consider thia 
form aufficientl; dittinct to be the t;pa of a n«w anbgeniu, and name it 
Paraeoeeidium prtvott (Fig. 63). Still more recently [40] these aathon 



CtMoC _ _ 

(fmr. Rant mnltiUai. a,cntwlthftnuniinMaaiI 
■ ayaUl nsldnam (cr). boh ipon oonUlM two 
■ponioltAa ud ■ iponl nalduam (ip.rV b, rip* 
nnt In Hhtch Um Rnnnit* h»* bwinw du- 
_.__. -— tt.it ooolml 




talni sight ipOKUDitH (q>.i), toat (poral nttdia 
((P.r), ud ■ «r*t*l iMldnDm (tr). cv, <ITI^«>1I. 
Ahar Lmnn ud MonU [W], x 1000. 

have described a spMiea of Coeeidiun from the rectum of the tortoise 
Damonia recccnt, under the name of C. mtfmnum, which is remarkabla 
for having oocy ita shaped like a niitre, and is also unique amongst CoceidiA 
in being an eitracellular panwite. 

QenuH 6. ChT/ttaUo*pora, Labb^ 1S96. The diioic spores hare the 
form of a double pyramid (Fig. 66, f). 

Tjpe-species, OrytlaUoipora er^ltUloidu (Thilohan), from the intestine 
and pyloric caeca of MaUUa tncirrata of Boscoff. 

FuiiLT 4, PoLTBPOBooiBTiDiE, Ugcr (Tribe Polyipona, A. Sehn.). 
The oocyit contains numerous spores (chlamydosporas). 

Oenns 7. Barrotutia, A. Schn., 186fi. The monosoic spores are 
•pherieal, with smooth bivalve shell (sporocTSt). 

B. ornata, A. Stchn., type-species, from the gnt of Iftpa cuwtm (Fi(^ 
64) ; B. lAiiMdtri, Uger, from the gut of LiAobitu impratiu ; B. eaadata^ 
L^er, from the gut of LiihobiuM martini, is referred by Labbj to tfwwkwM. 

Oeniu S. SMito^i/ra, L^ger, 1897. The monozoic spores an oral, 
the bivalve sporocyst is spiny (Fig. 66, c). 

Type-species, E. joUsi, L^ger, from the gut of Lilhobiut mutabiUi, 
By Schaudinn and others this genns is united with the foregoing. 

Oenns 9. Diatpora, Uger, 169B. The monoioie spores are oval, the 
iporocyst« are not bivalve, and have a micropyle at one pole (Fig. 66, 6). 

Type-speeiea, D. hj/datidta, L^r, from the inteetiue of the myriapod 
Polyiitmv*, in Provence. 

By Bchaudinn this genus is united with BarroMttia. 

0«Dus 10. AdtUa, A. Sehn., 1870. The diioic spores are spherital 
or compressed, with smooth sporocytts (Fig. 60). 

Type-species, A. ovata, A. Sehn. (see p. SS3, Figs. && and S6) ; otheM 
are j4. tMmt'It, Perei (see p. !06, footnote); A. akidima, Li^r ; A. Upviai, 
Uger ; A. dimidiata (A Sehn.), from the gut of Seohptndra mortittmt 
(Fig. 66) 1 and A. rimfUg (A. Schn.), from the gut of the larva of OynmuL 
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G«.n« IL Jfindbta^ L«bfa£, IBM. 7W duoic ^ofM an on^ O* 
•porocriU prudnced at «*cb pole into two kng fil i iw a t a (n§. 64, ■). 

Type-^yadf. -M- cfatoM (E. B. L.). Ak eortwd by Unkwfaf in the Iwct 
of dUtoH. Allied qieciM, ttot naned, occur in « --—-■— ■ -^ 
Pat<Ua *Dd TroiAw (I^liU.) Bt Scfandinii tU* i 

AidML. 




Oenii* 1!. " £t<nc(j«Ria," A. Schn., 1876 (Lc^erio, Blanchftrd, 1900 ; 
Eucottidivm, Lilhe, 1902). Th« ephnricsl apores &re trizoic. No 
•chizogonj. 

TyiM-ipccieo, " A " eberlhi (LabU), from the epithelium or the gut and 
other orgftii* of Septa ' (Fi|;. 58). 
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BpOngDD]' of AM, 

nambn of ipoioblui 
magnlAed, Bhawlng tl 
%taa A. SclmtUler. 



chn. (pitr- ^ccJowufra nprfjfqiuX a» iporont BncrilAd 
de. h. thfl cantaoU of lbs OMfit k(v« dlilded Into ■ 
nUlnJng ripe tpotM. d, i tlpe iponi more hlKlilr 
and tht gnnubr .-nldiul body. From WulelawikL, 



The type-«peciee ia K. htticina, A. Schn. (Fig. 48), infesting the kidneys 
or varioua Und-snaila (Httix spp,, Saecima ipp.). The parasite and its life- 

mAnj authors pimcs the speciei in the genua Kleuia. Asaumlng, however, that the 
triioic coniUtiou is an adequate generic difference, the name Batedenia moat Mier- 
thelesii be changed on the ground or praoccnpatioD, having been emptojed hj Ditsing 
in I8fi8 for ■ Trematoda. Blanchanl haa propoied In Ita place the generic nanM 
Ugeria (1900), but Labbt had already (1898) given this name to the genus of 
Oregarinea previonaly termed Dufouria (aoe p, BOO). Ae regards the apecilic name, 
Lablw terma the triioic species, occurring in .S/pia, Klottia (ifrlAi, and relaina the 
apaclHc name octopiaim of Schneider for a polyioic species of Kiouia oeonrring in 
Otlopiu. If two distinct epeciea, inhabiting different hosta, were originally confused 
\>j Scbpeider under one name, thia ia certainly a, naeful reronn. 

Very recently Lillie [48a] haa propose-l the name KiiaKcidium for Brntdrnia. 
He regards the name Cliaidimn as alwolete (see above p. S32, footnote), having been 
given to the sporogonouB cycle of Jii'iiieria. Since, therefore, " Bmedenia " has only 
aporogony, ha considers the asuie Ktuncddivni appropriate to denote auch a form. 
Liihe retains, liowever, the speciflc nania octiipiaHum, which la inappropriate if, aa 
alleced, the species occurs in Sr'pia and not in Octi-ptii. 

' Meanil [B] consider the genua Klotaia to be normally tetr.uoic, and states that 
In K. hdicina the usual number of aporozaites is four, though it may exceptionally 
b« as high as eight. lie also throws doubt upon the alleged occurrence of 10'12 
sporoioitei in the spore of A', ottopiann. 
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hiatorj were figtir«d koA dcKribed by KIom in ISBS, bnt not nimed by 
Him — the first tborough Mconnt of anj Cocciditn, The iporei contain 
five or six Bporozoilet. K. toror, A. Schn., from the kidney of the wntei^ 
nuil NerUina fiuviaiHit, ia tetnuoic K. oetcpiana (A. Schn.), LabU, 
from the iuteatine of Oetoptu and Sled<me, hu ten to twelve aporoioitei in 
the ipoK. 

Oenua 14. CoryotnifAa, Siedlecki, ISOS. The tpberical ipom, 
•bout twentj in nnmber, contain each twelve cporozoitea. Uniqne 
■pedea, C. nutitilii, SiedL (Pig. 67), pantite of tiie clniten of spennato- 
gonia of Potfrnnia ntbulcta. Remarkable for iti habitat, thii epedea alio 
■howB aome intereating peculiaritlea in its developnunul phaaai (aae 
pp. S23 and SS5). 

OeniuIS. inoNMUii,Smith and Johnstone, 190S. The lubapherieal 
aporea are polyzoic and contain from thirtj to thirtf-fonr aporoioitea. 




SpoiHof nrtODaCcKctdlunnsn. a, iriiKt(iiluc*ilaiiti(B. H. L.),(mT. CkUmii; fc. MaM ra 
iHtUUUm, Lifti itmi. /^tufmiK) ; c, J^lMMm InU<t, I>ear (pv. lIUoMu onloMlb): d, 
(Auria nuMUoi, Hbbi ; i, DiAmra (HyaloUimUi) lUbrriiihni (UbM), 0»<'' "•"' onrloM) ; 
/, Crtilalltmn avUitoidii (Tlitl.), (pu-, UaltUa trUtmla). t uhI < iftar htgK, U* oUmr 

Unique apeciea, K. niurii, 8m. and Jnst., from the kidnej of tka 
mooae. The aporogonic cycle ia found in the epithelium of the con- 
Tolated tubnlea. Another form, representing the achizogonic cycle, 
apparently, ia found in the glomeruli. The very large number of 
aporozoites i* a remarkable feature of this apeciea. 

Doubtful genera aw : — 

Hyaioldoma, la.hbi, 1896, char&cteriaed by polyiporoua oocytU witlt 
oval aporea which are either diioic or tetraaoic. The type-apeci««, 
B. li^erhihni (Laiiht), from the kidney of Bana aeulmla, haa been 
found, however, by Laversn and Meanil [40] to be a DipU)q>ora {vidt 
anU, p. 831} ; but another apeciea, H. petteneeri, lAgii, ia described from 
tbe kidney of TtUino, which appears to conform to Labbd'a generic 
definition, although the latur was founded on a mistaken obaervation. 

Oouma, IMbi, 1896, which differs from Coccidium by ita bivalve 
aporea (Fig. 66, d), opening like a pea-pod (Gallic^ gmate). The genua, aa 
thoa characterised, iueladea, aecoidiog to IdbM, eight apeciea, all infesting 
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the intcttine or lirer of vuioui fl«b«i. By other anthon t)w gentu i* 
united with Coeeidiii^. 

SaiumMi, LabU, 18»&, foonded for B. huatti, LabU, from LOkoUui, 




Fhuw of QvnMnirAa lunlKL 8M1. Cu. PdHMla iHhcIoH). a, jeans uhUDot In > 
elonUr of ■punubsoDli ; Um bnnoU (npraMntM giMinlkUd) *nd two of it* D«l(bbOBn in 
fvtlr hrl«itR)ptu«l, wUh nn> iaift nncMl, ukd Iwn flusd Into t. (Inglo man conUlnlBC tlw 
nuulta(npraMBMol«r, wltfcktKtekontltn*!. Tbt oUm ipoiulnsoak tn nonwl. ^ 
lull-fiown HUioDt MKloHil In tb> hfpnrtnphlM boM-Aall, wlu to MMinnoiu niuilaiu, whteb 
nppan to ba oonoMUd wilt tba Doelfiu of tlM paiulta bj ■ huul of gnnntH. c, Intn- 
oanuUr Khiiont diTUod up Into ■GhlioDtoCTtM. if, MCh leblioiitcicyM tfrfns rim to ■ eluMr 
J .. .— ... _j.,...- . i.. — ^nUr mteroitiiMtBtTM dWdBl Into 

a; k.c, )uMt-e<Ui AT.DucI^oriiixt^ 
■ ; infe, mlon>f»ni*lDO)rUi 
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and characterised, accordiDg to its founder, bj forming three, exception- 
ally four, spores ; hence made the type of a tribe IVuporea. Schaudinn, 
Blanchaid, and others regard the trisporous condition as an anomaly, and 
place the species under Coccidiunu 

Rhahdospora, Laguesse, 1895 ; Gonohioy Mingazzini, 1892 ; PfeiffereUa^ 
Labb^ 1899 ; Molyhdu^ Pachinger, 1886 ; Cretya^ Mingazzini, 1898 ; 
and perhaps also Gymnotpora^ Moniez, 1886, probably all of which 
represent the schizogonous generations of species of CocMium and 
other genera. For full details concerning them the reader is referred 
to Labb^ [4]. 

Branchiocystitf Burchardt, 1900 (Jen, ZeiUchr. f, Nat, wiss, 34, pp. 
779-784, pi. xiz. figs. 9-11, and xz. figs. 1-9), a genus founded for 
B, amphioxi, a **Coccidium" parasitic on the epithelium of the gill- 
bars of Amphioxus. It was found to be seldom absent in Amphioxus 
material from Naples and Messina, and often occurred in abundance, 
affecting especially the gill-bars at the level of the apex of the liver. 
The parasite appears as a rounded or oval body, 10-14 /a in diameter, 
lodged in the flagellated epithelium of the broad sides of the gill-bars. 
Some of these bodies appear homogeneous, without nucleus (7) ; others con- 
tain a number of oval or rounded '* sporoblasts," 2-2*5 ft in diameter, 
which become sausage-shaped bodies. 

It is difficult to see why the author should consider BranehiocyUu a 
Coccidian. The description does not render it possible to place it near 
any of the recognised genera of Coccidia. The figures given remind one 
more of the Olugeidae amongst Myxosporidia than of any true Coccidian, 
and it is perhaps in or near the genus PUistophora (p. 297) that this 
parasite would be correctly placed. 

CoccidioideSf Rixford and Qilchrist, 1897, for C. immitis^ R and Q., a 
problematic organism occurring as a parasite of man, and up to the 
present observed only in America. The infection, or rather contagion, 
is acquired by the skin, whence the parasites spread into the lymphatics 
and invade other organs. The malady caused by the parasite may be 
chronic or acute, and in the latter condition it is fatal in a short time. 
The characteristics of the disease are very similar to those of miliary 
tuberculosis, an immense number of minute nodules being formed in all 
the viscera. In each nodule one or two parasites are found, either free 
or lodged in a giant celL The parasites have the form of ''rounded 
protoplasmic masses, 20, 50, 60, or 80 fi in breadth, surrounded by a 
thick enveloping membrane. Their multiplication ... is effected by a 
series of bipartitions which go on within the membrane. The latter then 
bursts and sets free the young parasitic elements, which grow in situ, 
or are carried away by the blood or lymph" (Blanchard). Several 
forms of the parasite have been described, and have even received dis- 
tinct namea A full account of them will be found in Blanchard [30], 
who considers that they are Sporozoa, but not to be included in the order 
Coccidiidea. 
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Order 3. Haemosporidia. 

The Haemosporidia are a group of Sporozoa adapted to a very 
special mode of parasitism, and therefore limited in habitat and 
occurrence. They exhibit, however, an interesting range of 
variations, both in morphological structure and in adaptation to 
their special life -conditions. Their distinctive features are as 
follows. They are parasitic usually upon the red blood-corpuscles, 
sometimes also upon other cells, of Vertebrata. The trophozoite is 
endoglobtdar^ i,e. intracellular, in situation, and may remain so 
throughout the whole trophic period, or may quit the host-cell 
and become free in the blood-plasma after reaching a certain stage 
of growth. The endoglobular forms are very commonly amoeboid, 
but those which become free have definite body-contours, and 
resemble tiny gregarines of elongated form and worm-like appear- 
ance, which when liberated from the blood-corpuscle are actively 
motile. The life-cycle shows an alternation of generations similiur 
to that occurring in Coccidia. In all cases, probably, non-sexual 
reproduction by means of schizogony continued through many 
generations serves to multiply the parasites within the host, and 
is then followed by the formation of gametes, which conjugate to 
produce zygotes or sporonts. Each sporont is at first motile, and 
seeks out a suitable position in which to become encysted as an 
oocyst. It then undergoes sporogony to form a number of minute 
germs, which are always naked gymnospores or sporozoites, never 
enclosed in sporocysts. In many forms, perhaps in all those 
parasitic upon warm-blooded animals, the entire sexual cycle takes 
place in an intermediate host, an invertebrate animal of blood- 
sucking habits, upon which the sporont is actively parasitic, and 
by which fresh vertebrate hosts are inoculated with the germs of 
the parasite. 

Our scientific knowledge of the Haemosporidia is of extremely recent 
date, and begins with the discovery, by Lankester, in 1871, of the 
parasite of the frog's blood, which in 1882 he named Drepanidtum 
( =s Lankegterella) ranarum, and recognised as a member of the Sporozoa. 
At the latter date Laveran, then a uiilitcu^ doctor at Constantin in 
Algiers, discovered the malarial parasite in human blood. He described 
all its characteristic stages — amoebula, rosette, crescent, sphere, and 
flagellated body — and saw in it the cause of the disease, but it was many 
years before his ideas became generally accepted. Laveran did not at 
first recognise the true nature of the parasite he had discovered, but 
regarded it as a vegetable organism and named it OscUlaria mcUariae, 
Metschnikoff was the first to place it amongst the Sporozoa, under the 
generic designation Haematophyllum (1887); it had already, however, 
been named PUumodium by Marchiafava and Celli in 1885. Our know- 
ledge of these organisms was further advanced by the studies of Danilewsky, 
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who gave them as a class the name Haemosporidia or Haemoejtoioay and 
bj other investigaton. In 1894 Labb^ brought forward detailed and 
extended researches upon these parasites, and described many new fomis. 
The concluding years of the nineteenth century have brought a very rapid 
increase in our knowledge of the malarial parasites, and the labours of 
Boss, Qrassi, and many others have revealed their complete life-history, a 
chapter of biology of the greatest practical importance as well as of scientifte 
interest At present it is amongst the Haemosporidia of cold-blooded 
Yertebrata that researches are most needed. 

(a) Occwrrmu and HabUat. — ^The Haemosporidia are found eom- 
monly as blood -parasites in mammals, in birds, and in all the 
existing orders of reptiles, except perhaps the Khynchocephala. 
Amongst amphibia they appear to occur abundantly in the frog, 
at least, which has been credited with harbouring no less than five 
species, distributed amongst four genera, of these parasites ; but it 
is highly probable that improved knowledge will bring about 
reductions in this list. From Urodela, on the other hand, only 
doubtful species have been recorded. In fishes also Haemosporidia 
were generally considered to be conspicuous by their absence, but 
very recently Laveran and Mesnil [79, 79a] have described speciea 
infesting rays, soles, and blennies respectively. If we except the 
cases where a part of the life-cycle is passed through in an inter- 
mediate host, there is no record of their occurrence in Invertebrates, 
with the exception of one very doubtful species (Haemagregarina 
fuuulay Eisen) stated to occur in the walls of the blood-vessels 
and the mesentery of an Annelid (Edipidrilus frigidus). 

The principal habitat of Haemosporidia is the red blood- 
corpuscles of their hosts, but they may be found also in the 
leucocytes, and in the cells of certain organs, especially the 
spleen and bone -marrow. It is not uncommon for the repro- 
ductive phases of the parasite in the vertebrate body to be rare 
or absent in the blood of the peripheral circulation, in which only 
growing trophozoites or gametocytes are to be found, while the 
" rosettes " and other stages of schizogony occur only in the more 
slowly flowing blood of the brain, liver, kidney, and other viscera. 
The situation of the endoglobular parasite is always within the blood- 
corpuscle or cell it attacks,^ and not, as supposed originally by 
Laveran, merely one of attachment to the corpuscles. In the case 
of the forms parasitic upon Yertebrata other than mammals, the 
nucleus of the haematid is often displaced by the parasite, proving 
clearly its internal position. Occasionally the nucleus itself may 
be attacked ; a good example of this is seen in the form parasitic 

. * The view of Laveran that the parasites are attached (" accol^ ") to the cor- 
pascle has recently been revived and supported by Argutinsky [61, 1901], but his 
statements have been criticised and contradicted by Schaudinn [94a], who is strongly 
in favour of the view put forward above. 
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upon various species of Lacerta, which from its effects upon the 
nucleus of the host-cell has been termed Karyclyms lacertarum. In 
blood -corpuscles infected with Karyclyms, the nucleus becomes 
hypertrophied and divides amitotically into two or more fragments, 
which ultimately degenerate (Fig. 76). 

In the sub-order Acystosporea the parasite retains the endo- 
globular or intracellular situation throughout the whole endo- 
genous generation, except for the brief period during which the 
merozoites are seeking fresh corpuscles to attack. But in the 
sub-order Haemosporea the parasite leaves its first host^cell and 
becomes free in the blood -plasma. It then penetrates other 
corpuscles, which it may abandon again, but as a rule it comet to 
rest finally within a corpuscle or cell, and undergoes schizogony 
in this situation, though sometimes even the reproductive stages 
may be free in the spleen-pulp or bone-marrow. 

The effects produced by Haemosporidia upon their hosts seem 
to differ markedly in the case of cold-blooded and warm-blooded 
animals. In the former there is no evidence that these parasites, 
however numerous, produce any pathological effect upon their 
hosts at all. But in birds and mammals they cause fevers and 
agues of various kinds, of which those that trouble the human species 
are naturally the best known. The varieties of malarial fevers and 
their symptoms will be found described in medical treatises, but a 
few points may be briefly summarised here. At least three types 
of fever are generally recognised, each caused by a distinct form 
of parasite (see below, p. 243) — the two so-called benign inter- 
mittent fevers, tertian and quartan ague, and the pernicious 
aestivo- autumnal fever or tropical malaria. In each case the 
parasite is introduced into the human body by the bite of a 
mosquito, and not, so far as is known, in any other way. After 
a period of incubation, varying from six to twelve days, according 
to the species of parasite, the fever makes its appearance. In 
the benign forms the feverish symptoms appear at regular 
intervals, dependent on the time occupied by a complete repro- 
ductive cycle of the parasite. Thus in the parasite of tertian 
ague the schizogony takes forty-eight hours, and the fever recurs 
every other day. In quartan ague the schizogony takes seventy- 
two hours, and the attacks of fever recur once every three days. 
There may, however, be double or triple infections, the result of 
distinct inoculations ; or again there may be mixed infections of 
the two forms, so that distinct generations of the parasites occur 
contemporaneously in a given patient, producing every possible 
variation in the frequency of the attacks of fever. In pernicious 
malaria, on the other hand, the sporulation takes place irregularly, 
and the fever is consequently irregular or continuous in its 
manifestations. In all cases the fever coincides in its appearance 

16 
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with the actual sporulation of the parasite, when vast numbers of 
merozoites are set free in the blood, and are attacking fresh, 
healthy corpuscles. The result of the rapid multiplication of the 
parasite in the blood, and the consequent destruction of the 
corpuscles, is a condition of anaemia which tends to produce 
general cachexy, and may terminate fatally. At the same time 
the melanin-granules produced by the parasite, and dispersed in 
the blood when the sheltering corpuscle disintegrates and the 
merozoites scatter (see below, p. 245), become deposited in the 
spleen and liver, which become hypertrophied, and also in the 
lungs, kidneys, and brain, causing a pigmentation of these organs. 
In pernicious malaria death may ensue from the accumulation of 
the parasites in the capillaries of the brain to such an extent 
that the circulation is hindered or completely blocked. Finally, it 
should be mentioned that the fevers may be acute or chronic, and 
that in the latter condition the disease may be masked or latent 
for a considerable period. What exactly happens to the parasite 
during this time is now the only obscure part of its life-history. 

Fevers similar to malaria appear to be produced in birds and 
in various mammals by Haemosporidian parasites. In birds, 
according to Macallum [84], characteristic changes take place in the 
internal organs, resulting from the destruction of blood-corpuscles 
and the deposition of pigment. The spleen and liver are the 
parts chiefly affected ; the bone-marrow and other organs less so. 
In cattle an acute and rapidly fatal disease, the so-called Texas- 
fever (" Tick-fever," " Tristeza," " Redwater," etc.), is produced by 
Piroplasma bigeminumy manifesting itself in high body-temperature, 
loss of appetite, and jaundice of the sclerotics, accompanied by 
general dulness and emaciation, and in many, though not in all 
cases, by pronounced haemoglobinuria, the urine being the colour 
of port-wine. In horses a fever similar to malaria is produced by 
Piroplasma equi, and in dogs Piroplasma canis is the cause of the so- 
called "malignant jaundice," very similar in its symptoms to Texas- 
fever in cattle. Interesting discoveries with regard to the life- 
histories of these parasites are probably to be expected in the near 
future. 

(b) Morphology and Life-history, — The forms that have been 
most fully worked out, and of which the life-histories are best 
known, are those infesting the human blood. They may there- 
fore serve as types of the structural and developmental character- 
istics of the whole order, and the distinctive features of other 
forms will be described briefly afterwards. 

It is still a matter of controversy how many species of these 
parasites occur in the blood of man. Their discoverer, Laveran, 
regards them all as one species; some authorities, on the other 
hand, believe in the existence of as many as Ave difl'erent kinds. 
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The majority of experts, however, are agreed in recognising three 
distinct species, divided amongst two different genera.^ These 
are (1) Lfiverania malariaef Gr. et Fel., the parasite of pernicious 
malaria ; (2) Plasmodivm maXariae (Lav.), the parasite of quartan 
ague; and (3) Plasmodium vivax (Gr. et Fel.), the parasite of 
tertian ague. The following account refers more especially to 
the first of these, but the peculiarities which characterise the 
other two will be briefly mentioned by way of comparison.* 

The minute sporozoites, introduced into the human blood by 
the bite of a mosquito, attack and penetrate red blood-corpuscles, 
probably in a way similar to the infection of epithelial cells by 
Coccidian parasites. Each sporozoite (*' exotospore,'' Lankester)' 
is slender, almost filamentous in form, the body sharply pointed 
at each end, with a thicker central portion in which the nucleus is 
lodged (Fig. 68, XIX). Within the blood-corpuscle the sporozoite 
rounds itself off and develops into an amoeboid trophozoite, which 
grows at the expense of the blood-corpuscle until it nearly fills 
it (Fig. 68, I-V). The youngest amoebulae are without any pig- 
ment, but usually contain, in fixed and stained preparations, 
a conspicuous vacuole, giving the parasite the so-called ring-form. 
With further growth the vacuole disappears, and grains of pig- 
ment termed mdanin^ representing, probably, an excretory product, 
are formed in the body of the parasite and collect towards the 
centre near the nucleus. When full-grown the trophozoite acquires 
a rounded form and is now a ripe schizont (" sporulating body," 
" gporocy te "), ready to reproduce itself by schizogony (Fig. 68, 
6). The nucleus divides to form a variable number of daughter 
nuclei, which travel to the periphery (Fig. 68, 7, 8). The proto- 
plasmic body becomes divided up into a corresponding number of 
segments, the merozoites (" enhaemospores," Lankester), centred 
round a small mass of residuary protoplasm, in which all the pig- 
ment-granules are deposited (Fig. 68, 9). This characteristic form 
of the parasite, known as the rosette-stage {** corps en rosace "), 
corresponds to the so-called "Eimerian cysts" of the Coccidia. 
When the schizogony is complete, or, it may be, during the initial 
stages of this process, the exhausted blood-corpuscle breaks up, 

^ See also footnote to p. 267. 

' Since the account here given of the life-cycle of the malarial parasites waa 
written, the very important monograph of Schandinn [94a] upon the tertian parasite 
has come to hand, just as the proofs of this article are going to be paged. It is there- 
fore, unfortunately, not possible to introduce any of Schaudinn's figures ; but had his 
memoir appeared earlier, some portions of Fig. 68 might have been made leas 
diagrammatic. 

' Numerous terminologies have been suggested, and are in use, for the phases of 
the malarial parasite ; the most recent is that suggested by Lankester, in NcUure, vol. 
Ixv. No. 1691 (27th March 1902). llie scientific terminology of Schaudinn, already 
introduced above for the Coccidia, is employed here, but reference is also made to 
other names applicable specially to the various stages of the malarial parasites. 
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and the merozoites are set free in the blood-plasma (Fig. 68, 10), 
abandoning the residuary protoplasm, which becomes disintegrated, 
scattering its contained pigment. The merozoites behave as did 
the sporozoites from which they are descended ; that is to say, 
they attack and penetrate fresh blood-corpuscles, and develop in 
their turn into schizonts which produce fresh generations of mero- 
zoites over again by the method of schizogony. 

The endogenous cycle is similar in all essential features in the three 
species of the parasites of man, but each of them has its own distinctive 
characteristics. The amoeboid movement is most active, and continues 
longest, in VhurMtdium vivax^ most sluggish in P. malariae. In Laverania 
the movements are very lively in the youngesti unpigmented stage. In 

Pig. 68. 

DlAffnm of th« complete life-cycle of the paruite of pemieioui nudariA, Laverania mo/ariac, 
Or. et FeL The stages on the upper side of the dotted line are those found in human blood ; 
below the dotted line are seen the pliaseM through which the parasite passes in the inteniiediate 
hoet, the mosquito. I-V and 6>10 Hhow the achizoKOuy. VI-XII, the sexual generation, which 
at Vfl splits into two lines (a) male and (h) female, to be united attain by coi^ugation (XI 
and XIIX XIII, the motile zvi^ote. XIV-XIX, sporogony. I -III, young amoebulae iii 
blood •corpuscles, the two last showing the ring-form (which is, however, not Quite correctly 
drawn ; see p. 246). IV, older, actively amoeboid trophozoite. V, still older, less amoeboid 
trophozoite. 6, mature schizont. 7, schizont with nucleus dividing up. 8, young roaette 
stage. 9, fullv- formed rosette stage; merozoites round a central residual mass of proto- 
plasm containing the pigment, ana blood -corpuMclH b«^nning to break down. 10, mero- 
zoites free in the blood oy brealcing down of the coriuiscle. VI, young indifferent gametocyte. 
Vila, male crescent. VI 16, female crescent. VIII a and /*, tlie gametocyten becoming 
oval. IX a and b, spherical gametocvtes; in the male (IX a) the nucleus has divided up. 
X a and h, formation of gametes ; in the male (Xa) the so-callmi flagella or male gametes (JC) 
are thrown out, one of them is seen detached ; in the female (Xb), a iM)rtion of the nucleus lias 
baen thrown ou^ XI, a male gamete penetrating a female gamete at a cone of reception fonued 
near the nucleus. XII, zygote with two pronuclei in proximity. XIII, zygote in the motile 
■tage (vermicule or odkinete). XIV, encysted zycote (oiicystX XV, coniniencrng multiplication 
of the nuclei in tlie oocyst. XVI, odcyst with numerous sporoblaatH. XVII, commencing 
formation of sporosoites ; the nuclena of each sporoblast has divided to fonn numerous nuclei, 
each of which is growing out in a little tongue of protoplasm to become a siiorozoite, but a few 
nuclei remain behind as residual nuclei. XVIII, fttll-grown oi'tcynt crainmeil with riiie sporo- 
aoltes; on one side the cvst has burst and tlie N]iorozoites are escaping. XIX, free sporozoitaa, 
showing their changes of fonn. n, nucleus of the imraidte ; p, melanin pigment :^, " flagella " ; 
n».M, sporoblaata ; r.a, residual nuclei ; r.p, residual protopUsm. (Chielly after Seveu-LemaIre, 
Dom whom the plan and arrangement of tlie different stages is borrowe<l, with Mlight modifica- 
tions ; details of the figures are founded on the tlgores of Orassi, Schaudinn (I^euckart's ZooUh 
gi»Ae Wandtafiln), Rosm, and others.) 

all they slow down as the parasite approaches its full size. They differ 
markedly also in their effects on the blood-corpuscle. Those attacked 
by Plcumodium malariae diminish in size but retain their normal colour. 
Corpuscles attacked by P. vivax, on the contrary, increase considerably in 
size and become paler. The effect produced by Laverania varies greatly ; 
the corpuscle is sometimes increased, sometimes diminished in size, and 
the colour may be lessened or heightened in tint 

Schaudinn [94al has recently studied the very active movements of 
the sporozoites, and has observed the penetration of blood-corpuscles by 
them, and by merozoites, in the case of tlie tertian parasite. He finds 
that, as in the Cocddia, the sporozoites perform movements of flexion and 
of peristaltic or euglenoid contraction, and that in addition they have the 
power of gliding rapidly forward, with formation of a trail of gelatinous 
substance. All throe varieties of movement go on at the same time. The 
penetration of the corpuscle takes about three-quarters of an hour, more 
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or leas, and is effected in a manner very similar to that described above 
(p. 211) for Coccidia. The movements of the merozoites are similar to 
Uiose of the sporozoites, but less active, and they may also show feeble 
amoeboid movements. 

Opinions still differ considerably as to the true structure and 
significance of the very characteristic ring -stage of the endoglobular 
parasite. Some authorities regard it aa truly ring-like in structure, the 
result of the union of two horn-like outgrowths or pseudopodia. Amongst 
recent writers this view is supported by Ewing [66]. But most 
authorities consider the ring-like appearance as merely the optical section 
of a vesicular structure. Even then it is far from clear whether the 
reside is a vacuole or whether it is simply the enlarged nucleus, distended 
by fluid nuclear sap and containing a relatively small quantity of 
chromatin. The latter alternative is, according to .Ajgutinsky [61, 190S] 
and others, the true interpretation of this stage. Argutinsky considers, 
however, the distended condition of the nucleus to be merely the artificial 
result of unsuitable methods of preserving these parasites as microscopic 
objects. He states that if blood-films are treated with fixatives ft^orv 
being dried, nothing is seen of any " ring-forms," but the nucleus appears 
•8 an even spherical mass of chromatin, not surrounded by any clear space 
intervening between it and the protoplasm of the body ; if, on the con- 
trary, the blood-film be dried before fixation, according to the method of 
procedure most commonly in vogue, the result is a deformation of the 
tiny parasite, producing the ring-like appearance. On the other hand, 
Schaudinn [94a] gives a very different account of the ring-form in the 
case of the tertian parasite. He finds that it does not occur in the develop- 
ment of the ganietocytes, but that it is a constant stage in the growth 
of the schizonts. In the latter case it appears in the youngest amoebulae 
as a vacuole situated close to the nucleua The vacuole grows rapidly in 
size, causing the parasite to have the form of a signet-ring, as commonly 
described, the nucleus being on one side of the ring. When the ring- 
stage is fully developed it is difficult to say whether the vacuole is still 
closed in, above and below, or whether the body does not become truly 
ring-like. Schaudinn regards this vacuole as nutritive in function, con- 
nected with the absorption of food-substance, and serving to increase the 
body-surface of the parasite ; its appearance close to the nucleus supports 
this interpretation ; and its presence in young schizouts, but not in young 
gametocytes, is correlated with the fact that the former grow twice as fast 
as the latter. 

According to Billet [64], the endoglobular malarial parasite has 
constantly at a certain stage of its growth an elongated form, coiled round 
within the corpuscle. Billet terms this the Qregariniform stage, and 
considers that it represents the haemogregarine phase of the Gymno- 
sporidia. It remains to be seen to what extent such a stage is of constant 
occurrence. According to Argutinsky's figures and descriptions [61, 1902] 
of the tertian parasite, it frequently has ^ an elongated vermiform shape," 
which is to be regarded as merely one of the many forms which result 
from its very great amoeboid activity, and this author shows that even the 
nucleus shares, to a certain extent, in the changes of body-form. Schau- 
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dinn's detailed monograph [94a] of the tertian parasite contains nothing 
to support Billet's view. 

The schizogony is most easy to study in the two species of Plannjodiwn^ 
since in them it commonly takes place in the peripheral circulation, and 
rosette -stages can be obtained in a drop of blood from the finger or 
elsewhere. In Laveranidy on the other hand, the sporulation goes on, 
as a rule, in the internal organs, and its stages are difficult to obtain. 
The multiplication of the nuclei in the schizont commences by a primitive 
form of mitosis, but as the nuclei increase in number, the method of 
division becomes a simpler type of multiple nuclear fission (Schaudinn 
[94a]). The schizonts are distinguished by trifling differences of pigment- 
ation in the three species, and also by variations in the process of 
sporulation. In the quartan parasite the rosettes have a form which has 
been compared to that of a daisy, and are relatively few, from nine to 
twelve in number. In the tertian species the merozoites are more 
numerous, usually from twelve to twenty -four in number, and the 
corresponding stage has more the form of a mulberry. In La'cerania the 
forms of the rosettes, and the number of the merozoites in each, are very 
variable. Most characteristic, however, is the length of time required 
by each species to complete a generative cycle. In P. malarifu a 
schizogonous generation, from sporozoite (or merozoite) to merozoite, 
occupies seventy-two hours ; in P. vtvox, forty-eight ; while in Laveraniik 
it is twenty-four hours or of irregular duration. 

By repeated schizogony the numbers of the parasites in the 
blood increase by geometrical progression, in a way similar to the 
Coccidia in an infected epithelium, until a very large number of 
the corpuscles are infected and destroyed. Apparently the only 
check to the multiplication of the parasite is to be found in the 
activity of the leucocytes, which sometimes capture and destroy 
a merozoite or other free stage. It is evident that reproduction 
at this rate could only continue indefinitely in the ichofr of an 
infinite host. In the blood of an ordinary mortal of limited 
capacities the results are most dangerous and even fatal. 
Provision is therefore soon made for the transference of the 
parasite to fresh hosts and new spheres of activity by the 
development of certain merozoites into sexually difi'erentiated 
schizonts or gametocytes, the appearance of which is the 
prelude, as in Coccidia, to reproduction by sporogony. In LoLver- 
ania the gametocytes are distinguished at once from ordinary 
schizonts by their peculiar form, like that of a sausage, slightly 
bowed, and considerably exceeding in length the diameter of the 
blood-corpuscle, the remains of which are seen in the concavity of 
the gametocyte (Fig. 68, Vila, Yllb). Hence these forms of the 
parasite, very characteristic of pernicious malaria, are commonly 
known as " crescents." The gametocytes are not all alike, how- 
ever, but can be separated into two categories, distinguished, 
though not always very sharply, by the arrangement of the 



248 THE SPOROZOA 



pigment -granules. In the male crescents or microgametocytea 
the grains of pigment are scattered evenly in the cell -body; 
in the female crescents or macrogametocytes the pigment is 
aggregated at the centre, surrounding the nucleus. The crescents 
appear to originate in the spleen and bone -marrow, but when 
full-grown they are found in the peripheral circulation. As they 
approach maturity the crescent- shaped gametocytes undergo a 
change of form, becoming first oval, then spherical, and free 
themselves in the final stage from the remains of the blood- 
corpuscle (Fig. 68, YIII a and 5, IX a and h\ The changes from 
crescent to sphere may take place in the human blood, or not 
until transference to the intermediate host, the mosquito, has 
been effected. In no case, however, do the gametocytes get 
beyond the spherical stage in the human body. 

The two Bpecies of Plasmodium are at once distinguishable from 
Laverania by the fact that the gametocytes do not take on the form of 
crescents, but have the same rounded ahape as the ordinary schizontSL 
The various forms of the tertian parasite have recently been studied in 
great detail by Argutinsky [61] and Schauclinn [94a], whose residts are, 
in the main, in harmony. (1) The schizonts are about 10 /x in diameter, 
with a nucleus usually situated excentrically, and containing at first a 
single mass of chromatin, later a number of chromatin granules held in 
an even achromatic network, the whole being surrounded by a delicate 
alveolar border {sic Schaudinn ; Argutinsky characterises the nucleus of 
the schizont as vesicular). (2) The macrogametocytes are much larger 
(12-16 fi in diameter), when full-grown, than the schizonts, and much 
less amoeboid during earlier stages of growth. Their protoplasm is 
dense nnd stains deeply, and their grains of pigment are two or three 
times as large, and fully twice as numerous, as those of the schizont 
The nucleus, situated at the periphery, is oval or elongated in form, with 
grains of chromatin in the nodes of an alveolar framework. (3) The 
microgametocytes are distinguished in all stages by their very large 
chromatic nucleus, containing coarse grains of chromatin, and situated 
centrally. The protoplasmic portion of the body is feebly developed as 
compared with the two foregoii)g, and it is less dense and stains a much 
lighter tint. It is scarcely at all amoeboid at any stage. The melanin- 
pigment is abundant and the grains appear larger than in the macro- 
gamete, but according to Schaudinn this is on optical illusion. Schaudinn 
considers the differences between (2) and (3) to be adapted to their rdle 
in development. The macrogamete, like an ovum, has to provide for 
posterity, hence its large bulky protoplasmic body. In the microgameto- 
cyte, only the nuclear substance passes on into the next generation, hence 
the protoplasmic botly is to a large extent atrophied, while the nucleus 
is greatly developed. 

The stages in the origin and growth of the gametocytes are still some- 
what obscure. Mannaberg derived the crescent-form from a syzygy, i.e. 
the union and fusion of two amoebulae, and more recently Ewing [66] 
has maintained that unions of this kind take place between amoebulae. 
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Th« latter atithor deacribea the oonjngation and fauon of ring-etsges in 
pair* within the blood-corpntcle*. Wright [98] mlso mipporta the view that 
the ereecenta ariee from a Byiygf of amoebulae within a donblj-infectad 
Mrpiucle. The analogy of the life-histoijei of other Haemosporidia or 
SpoTozoa affords no support to thete atatementa, and the appearancea npon 
which they ate baaed might equally well be interpreted a« Btagea in the 
fiadon of an amoebula or young gametocyte. Recently Schaudinn [94a] 
has traced all atagea in the development of the gametocytea of the tertian 
parasite from the merozoitea, ao that the notion that the former ariae 
from fuaioDB of amoebulae most be regarded as an exploded idea. 

The intermediate hoat neceaaary for the propagation of the psrasitea 
of malaria in man is a gnat or mosquito, belonging to the genua 
Aiioghdu. Up to the present no other meaua of propagating the 
diaeaae baa been discovered than through the agency of these insects. 
If a human beit^ suffering from malaria ia bitten by an Ana}ih<I«i 
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mosquito (it ia only the female gnats that suck blood), the moaqaito 
drawa into ita stomach varioua stagea of the paraaite along with the 
blood. Young amoebulae, full-grown achizonta, roaettea, creacenta, all 
alike may be swallowed by the mosquito, but with different reaulta. AU 
stagea of the achizogonona cycle are digested in the mosquito'a stomach 
along with the blood corpuaclea. The gametocytea alone are able to 
resist the action of the digeative joicea, and to continue their develop- 
ment further. Freed from the laat remnanta of the blood-corpuacle in 
which they grew up, they assume the apherical form, if they have not 
already done so, and proceed to give riae to the gametea. The maturation 
of the gametes and their subsequent conjugation take place in the 
etomach of the moaquito. 

The relation of the Haemoaporidia to their intermediate hosts ia one 
of those finely-adjusted bionomical adaptationa so frequently obaerved in 
the life-historiea of parasites. For if a malarial patient be bitten by a 
mosquito of any other genua than Ar\sf^Ut—\j a apeciea of Ovlex, for 
example — then not only the achizonta, but ^so the gametocytea, an 
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digested by it CvXtx^ on the other hand, is the intermediary for 
the KatnwpnUuM {^PmUowiMi) of birds, and when it bites a lord 
infected with this genos of parasites, it digests all the stages except the 
gametocytes. (Tuks, in fact, stands in the same relation to the malarial 
parasites of birds, as Anoipl\du to those of man. Should an Anaplkdt^ 
on the other hand, bite a bird infected with Haemoprotetu^ it will 
digest every stage of the parasite, gametocytes and alL^ 

In the spherical microgametocyte ('* sperm-mother-cell," Lan- 
kester) the nucleus breaks up and the fragments of chromatin 
travel to the periphery (Fig. 68, IXa). From Schaudinn's obsenra- 
tions upon Haemoprateus it would appear that a karyosome is left in 
the centre of the body, as in Coccidiwn, The surface of the body 
grows out into long thread-like processes, usually four to six 
in number, each extremely motile and resembling in its movements 
a flagellum. Hence the parasite at this stage is known as the 
Polyinitus form, since it was regarded by some earlier observers as 
a Flagellate belonging to that genus. The entire chromatin sub- 
stance of the microgametocyte passes into the so-called flagella, 
which are in reality the microgametes (** spermatozoa," Lankester). 
They are formed very rapidly, and by their active movements 
soon become detached from the body of the gametocyte, which, like 
that of the Coccidia, is completely enucleated, except for its 
karyosome, and perishes as residual protoplasm, together with the 
contained melanin -granules. Each microgamete is a slender 
filament, slightly thickened in its middle portion, where is lodged 
the chromatin which composes the greater part of its substance. 
Like the microgametes of Adelea and Benedenia amongst Coccidia, 
it has no true flagella, but progresses actively by serpentine move- 
ments of the body in quest of a macrogamete. 

In the macrogametocytes also the development is on the same 
type as in Coccidia. The schizogony is completely suppressed, 
and each macrogametocyte becomes a macrogamete after having 
gone through a process of maturation by ejecting a portion of its 
nucleus (Fig. 68, X6). It is then ripe for fertilisation. 

The gametes conjugate in a manner essentially similar to that 
described above in Coccidia. After the microgamete has pene- 
trated the macrogamete, the two pronuclei fuse into a single 
nucleus (Fig. 68, XI, XII). The zygote at first has the form of 
a sphere, but soon after fertilisation it becomes elongated and 
spindle-shaped, and grows into a small worm -like, or rather 
gregarine-like body, which is actively motile, and has been 

^ Schaudinn believes, with Grtasi, that in some cases the Anophdea may be 
naturally immune against the malarial parasite, and that such immunity, if acquired 
by a whole race of the mosquito, would account for the disease having died out in 
localities where it was formerly abundant, as in the eastern counties of England, for 
example. 



THE SPOROZOA 251 



€BS. 



termed a veiinicule by many writers (Fig. 68, XIII). Since it 
corresponds exactly to the zygote of the Coccidia, but does not 
form an oocyst immediately after fertilisation, Schaudinn has 
proposed for it the name of ookinete^ by which it is now generally 
known. The movements of the ookinete are very similar to those 
of a sporozoite, and consist of locomotion by gliding forwards, 
combined with flexions and peristaltic contractions of the body 
(Schaudinn [94a]). 

The ookinete by its own activity bores through the epithelial 
lining of the stomach of the mosquito, and comes to rest in the 
tissues immediately below the epithelium. Here it becomes rounded 
off again in shape, and a delicate cyst-envelope of disputed origin 
becomes formed round it (Fig. 68, XIV). The zygote is actively 
parasitic upon its new host, and commences to gi*ow considerably 
in size, bulging out the stomach-wall towards the body -cavity. The 
ookinete has now become the 
oocyst (" spore-cyst," Lankes- 
ter), differing from that of the 
Coccidia in the thinness of 
its envelope, which permits it 
to absorb nutriment, like a 
gregarine. Over 500 oocysts 
have been found by Grassi in 
the stomach-wall of a single 
Anopheles mosquito. As the 

05cyst grows, its nucleus, at stomach of a mosquito, with cysts of Haemoipo- 

first single, divides to form a ^^^^, om, oesophagus ;rf stomach ; ey, cysts ; Afr 
. <^ / . , , . Malpighian tuuules ; tnl, intestine. (After Ross.) 

number of daughter nuclei, 

round each of which a small mass of protoplasm is centred (Fig. 68, 
XV, XVI). The segments thus formed have received various names, 
such as blastophores, zoidophores, or spore-mother-cells (Lankester), 
but they are evidently comparable to the sporoblasts of Coccidia 
and other Sporozoa, and may conveniently be designated as such. 
The sporoblasts of the malarial parasites are irregular in form and 
are not completely separated from one another, but remain in 
connection by protoplasmic bridges. After formation of the 
sporoblasts is complete a certain amount of residuary protoplasm 
is left over, containing the melanin-granules originally present in 
the gametocyte. 

In each sporoblast the single nucleus divides repeatedly to 
form a great number of small daughter nuclei, which travel to the 
periphery ; the surface of the sporoblast then grows out into a 
number of slender protoplasmic processes, each of which takes one 
of the daughter nuclei with it (Fig. 68, XVII). In this way 
are formed a vast number of minute spindle-shaped sporozoites 
("blasts," "zoids," " exotospores "), each about 14 /* long by 1 /* 
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in breadth. The sporozoites are at first implanted upon the 
masses of residual protoplasm, representing the remnants of the 
sporoblasts, but soon free themselves and perform active movements 
within the cyst. The residual masses are usually enucleate, but 
sometimes contain residuary nuclei, which may even multiply, 
though doomed eventually to perish. Ultimately the residual 
masses derived from different sporoblasts appear to fuse into a 
smaller number of large granular masses, in which are found also 
the melanin-granules of the sporont (Fig. 68, XYIII). The whole 
number of sporozoites formed in this way in an oocyst is very 
great, but varies within wide limits, from some hundreds to over 
ten thousand. The mosquito observed by Grassi, of which mention 
has been made above, might therefore have been capable of dis- 
seminating about five millions of malarial germs. 

During the whole period of the development of the sporo- 
zoites, which lasts from ten to twelve days, the oocyst grows 
continually in size. When the sporogony is complete the cyst 
bursts, and the sporozoites are set free in thousands in the body- 
cavity (haemocoele) of the mosquito. Here they are carried along 
in the circulating blood -fluid, and in some way are attracted 
towards the salivary glands, which they penetrate, filling the 
secreting cells. When a mosquito thus infected bites a man, it 
injects, in its usual fashion, a minute drop of saliva into the 
puncture made by its proboscis, and with the drop of saliva a 
swarm of sporozoites pass down into the blood, each the starting- 
point of a new infection and of many schizogonous generations. 
Thus the life-cycle of the parasite has been brought round again 
to the point which was selected for commencing the description. 

From the above account it is seen that the life-cycle of the malarial 
parasite is now thoroughly known in all its features. There is, however, 
one point of importance still to be made out In patients apparently 
cored of malaria it may appear again without a fresh infection, and it is 
not known what has been the condition of the parasite in the period 
intervening between the first attack and the relapse. In cases of chronic 
malarial cachexy, only crescents are to be found in the blood, and Grassi 
has suggested that the gametocytes may have the power of non- sexual 
reproduction in such cases, their offspring causing a reinfection of the 
host This point has recently been investigated by Schaudinn [94a] in 
the case of the tertian parasite, and he finds that such cases of relapse 
are brought about by a sort of parthenogenetic reproduction on the part 
of the resistent, long-lived macrogametocytes. The nucleus of a macro- 
gametocyte becomes slightly drawn out and shows at one extremity a 
number of deeply-staining, coarse grains of chromatin ; it then divides 
into two, so that the gametocyte contains two nuclei, one rich in chromatin 
and staining deeply, the other pale and staining feebly. The body of 
the gametocyte may become parUally constricted into two parts, one with 
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denser protoplasm, with most of the pigment, and with the pale nucleus ; 
the other with lighter protoplasm and less pigment, containing the dark 
nucleus, which now proceeds to divide as in schizogony and gives rise to 
a number of merozoites. The latter are the starting-point of fresh 
schizogonous cycles of generation, bringing about a return of the fever. 
The denser portion of the gametocyte with the pale nucleus is abandoned 
as residual protoplasm and breaks up. Only the female gametocytes are 
capable of reproducing themselves in this way. The microgametocytea, 
with their greatly enlarged nucleus and reduced bulk of protoplasm (see 
p. 248X are believed by Schaudinn to die off if they do not undergo their 
natural course of development in the intermediate host 

Attention must also be drawn to another point which is not yet 
fully explained. In mosquitos infected by these parasites, in addition to 
the ordinary cysts containing sporozoites, there occur also other cysts of 
about the same size, but very different in appearance, as they are filled 
with masses of dark brown pigment, which is quite different in appearance 
from the melanin-pigment of the parasites. Boss was the first to describe 
these bodies in CWtfx infected by j5iiMmopro(«u« danilffwthfi in birds, but 
they occur also in AncfpktlM infected with human malarial parasites. 
They have received various designations: '^yellowish -brown bodies," 
Qrassi ; " black spores," Ross ; " brown spores," NuttalL Ross regarded 
them as resistent cysts, destined to develop in some unknown way, 
and Qrassi at first thought they were intended to spread the infection 
amongst successive generations of mosquitos. It is, however, sufficiently 
well established that mosquitos neither come into the world infected with 
these parasites, nor acquire them in any other way but from the blood of 
their prey. Most authorities incline now to the later opinion of Qrassi, 
and regard the yollowish-brown bodies as degenerate cysts of the ordinary 
kind, the pigment being produced by a protoplasmic mass consisting partly 
of the residual substance, partly of abortive sporozoites left behind in the 
cyst. This conclusion receives indirect support from the observations of 
Schaudinn [51a] upon the degenerated oocysts of Oycloipora (see p. 273). 

In the above description of the life-cycle, the mosquito has been referred 
to as the ** intermediate host." Many authorities, however, such as Qrassi, 
Mesnil, Laveran, and others of great note, consider that the Invertebrate 
host, the mosquito, should be regarded as the ''principal" or ''definitive " 
host, and the Vertebrate, man, as intermediate, chiefly on the ground that 
the sexual phases of the parasite are passed through in the former. In 
considering these conceptions, it should be made clear at the outset in what 
sense the term " principal host " is used. If it be employed in the sense 
of the primary or primitive host, then it must certainly be applied to the 
Vertebrate, for, while all the Haemosporidia have a Vertebrate host, there is 
at present no evidence whatever, in the case of many of them, that an 
Invertebrate host has been acquired as a means of dispersal (see below, 
p. 263). The Haemosporidia as a whole must be considered as parasites 
of Vertebrates in the first instance, which have in some cases adapted 
themselves for certain phases of their life-history to a secondary Invertebrate 
host If, on the other hand, the term " principal host " be employed in a 
physiological or functional sense, it is again the Vertebrate that must be 
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80 distinguislied. The easenoe of being a paradte Ib not to reprodaoe 
sexoallj, but to flourish at the expense of other creatures, and the tenn 
" hoet " denotes the being that suffers in proportion as the parasite profiti. 
Of the two hosts of the malarial parasite there can be no question that in 
this sense also the Vertebrate is the principal one, since the mosquito appean 
to suffer scarcely at alL It certainly would not be in the interests of the 
parasite that the vitality of the mosquito should be lowered and its 
appetite impaired. 

Those who term the Vertebrate the intermediate host of the malarial 
parasite, do so chiefly on the analogy of parasitic worms, Cestodes or 
Trematodes, in which the sexual stages are passed in the definitiye host, 
the larval stages in an intermediate host But the relation between 
echizont and sporont can scarcely be considered analogous to that between 
dfroina and DiiioftMim^ for example. The comparison should be rather 
with the summer and winter generations of A-phM or Dop^nio, or with 
Hydroid and Medusa. 

The variations in the stnicture and life -history of other 
Haemosporidia, as compared with the type here selected, are best 
considered, as was done in Goccidia, first from the point of yiew of 
the morphology of the individual stages, secondly from that of the 
life-cycle considered as a whole. 

(1) Morphology. — ^The trophozoites of Haemosporidia may be 
distinguished, speaking generally, either as "haemamoebae" or as 
"haemogregarines." Those parasitic upon cold-blooded Vertebrates 
are not amoeboid like the malarial parasites, but have a fixed body- 
form like minute gregarines (Figs. 75-77). This is true not only 
of the '* free '' phases, but also of the endoglobular forms. They 
occur generally as tiny vermicules, lodged in the blood-corpuscle or 
free in the blOod-plasma. When free they are often very active 
in their movements, bending and twisting their bodies from side 
to side, or gliding forwards in the manner already described for 
Oregarines or Coccidian sporozoites (pp. 180 and 210), by the help 
of a secreted thread of gelatinous substance (Hintze [68]). The 
fixity of the body-contour seems to be due to the dense hyaline 
ectoplasm, in which myocy te-fibrillae can often be made out. The 
haemogregarines vary greatly in size, in different genera, relatively 
to the dimensions of the blood -corpuscles they attack. Thus, 
while LankesUreUa scarcely attains to half the length of the frog's 
blood-corpuscle which it inhabits (Fig. 75), the species of Haemo- 
gregarina parasitic in various reptiles grow to such a length that 
in later stages the trophozoite becomes folded on itself in a 
characteristic manner, in order to be packed away within the 
limited space at its disposal (Fig. 77). The genus Firoplasma^ on 
the other hand, is characterised by pear-shaped trophozoites of 
extremely small size, several of which may be lodged in a single 
blood-corpuscle (Fig. 80). 
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The reproductive phases of the majority of Haemosporidia are 
very imperfectly known, and in most cases the statements that 
have been made require revision, or at all events reinterpretation, 
in the light of recent discoveries. As regards the non -sexual 
cycle, it is interesting to note that in many forms the schizogony 
takes the most primitive form of multiplication by simple binary 
fission. This is the case in the species of the genus Piroplasma^ 
where the pear-shaped trophozoite divides within the blood- 
corpuscle into two twin bodies, from which circumstance the type- 
species of the genus has received the specific designation bigeminum. 
Each of the daughter crophozoites may in its turn divide again. 
A similar binary fission occurs also in the species Haemogregarina 
bigemiiia, recently discovered by Laveran and Mesnil [79] in two 
species of blennies. In the majority of Haemosporidia, however, 
the schizont divides up simultaneously into a number of merozoites, 
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Haemogregarina bigeminal Lavenn, trom the blood of blennies. a, the fonn of the parasite 
found fires in the blood • plasma, b. {Mtrasite within a blood -corpuscle, pi*ei)aring for divi> 
aion ; the nucleus has already divideu. c, the {Mtrasite has divided into two rounded corpuscles, 
which assume the fomi of the tne parasite, as seen in d, «, and/. N, nucleus of the blood> 
corpuscle ; n, nucleus of the {Mtrasite. The outline of the blood -corpuscle is indicated by a 
thick black line. (After Laveran.) Magnified about 1800 diameters. 

which may be disposed in various ways. Besides the ** rosette" 
or " daisy " pattern described above for Laverania, they may be 
arranged in the form of a " barrel," with the residual ^protoplasm 
at one extremity, as in the Eimerian phases of Coccidia, or they 
may be implanted on each side of the residuum, or in other ways. 
Sometimes the arrangement may vary in the same species, as in 
Lankesierella {Drepanidium) ranarum, where the merozoites may be 
formed on one side only of the schizont, or may have the radiate, 
daisy-like arrangement. The schizogony is usually intracellular, 
and takes place within a blood-corpuscle, or in the cells of certain 
internal organs, more particularly the spleen, liver, and bone 
marrow. The schizont often becomes surrounded by a membrane, 
forming a so-called cytocyst (Fig. 73). Sometimes, however, the 
sporulation may be free, i.e, extracellular, especially in the spleen- 
pulp. 

In many Haemosporidia of cold-blooded animals there appears 
to be a well-marked dimorphism in the schizonts, as well as in the 



JS6 



THE SPOROZOA 



meroEOites produced by ichizogony. Within the cytocyit tb« 
Bchisont may break up into Bmaller micromeroEoitiw or larger macro- 
merozoites.' Thii occun in the form Karyolifna iaeertarwn (Fig. 73), 
and also in the haeroogregarinea infesting various anakea studied 
by Luts [82] and named by him " Drepanidivm lerfmHum." In 
the latter the two kinds of merosoites develop into two form* 
of ichisonts termed by Luts microhaemoEoitea and macrohae- 
moEoitea respectively. Dimorphism in the cytocysts boa alto been 
described by Labbi in Lankut&rella, but has not been confirmed 
by recent observers. The moat obvtoua interpretation of theee 
facta would aeem to be that in theae forms the schizonts show a 




Karyolfiu Imrrlanim, LabM, ■porulUlon. a, EnuTDacfaliont cniniiied wEth pluUnoid 
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precocious sexual differentiation comparable to what is seen in 
AiUUa amongst Goccidia. 

Observations upon the sexual cycles of Haemosporidia are as 
yet few and somewhat far between, and it is necessary to be very 
cautious in making generalisations. The parasites of birds and 
man have been the chief objects of research, but not much is 
known with regard to the Haemosporidia of the lower Vertebrata. 
Recently, however, Hintze [68] has brought forward interesting 
observations upon Lanktsterella ranarum. The microgametocytes 
(Fig- 75, 17) are distinguished by their slender form, and by the 
absence of all but the finest granulations in their protoplasm, from 
the plump, coarsely granular macrogametocytes (Fig. 75, j), the 
ordinary schizonts being intermediate in character between the 
two. In the microgametocytes the nucleus contains a number of 
chromatin granules, each of which divides into two. The nucleus 

■ ConimonlributpTolwbtjrwTQnglj.tMiiMdinlonMponsotteiuidDiscnMporoioitai. 
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then becomes fragmented, and the chromatin-granules, each still 
half the size of those originally present, scatter themselves in 
the cell and become the nuclei of microgametes, which are not 
separated off simultaneously, but one by one, in an irregular 
manner (Fig. 75, A, t). In the macrogametocytes the entire nucleus 
divides into two, and one half degenerates, the other half be- 
coming the pronucleus of the macrogamete (Fig. 75, ib, /). In 
Haemaproteus ( = Proleo8oma\ however, the maturation of the 
macrogamete takes place, according to Schaudinn [93], by ex- 
trusion of the karyosome, as in Coceidiwm, 

It is common for the male and female gametocytes to be 
distinguishable from one another by well-marked characters. The 
microgametocytes have finely -granulated, hyaline protoplasm, 
while that of the macrogametocytes is more coarsely granulated, 
differences which have a considerable effect upon their staining 
properties in microscopic preparations. On the other hand, the 
grains of melanin-pigment are generally larger and more numerous 
in the microgametocytes. In Halteridium the form of the nucleus 
differs in the two sexes of the gametocyte (Fig. 79), and there is 
consequently also a difference in the arrangement of the melanin- 
granules, which in the male elements are placed at the two poles 
of the body, but in the female gametocytes are evenly scattered 
in the protoplasm. 

The microgametes in all known cases are without any true 
flagella, like those of Benedenia and Adelea amongst Coccidia, but 
while in the human parasites and in the allied genera from birds 
they are long, slender, and flagelliform, in Lavkesterella they are 
described as minute oval bodies, capable of amoeboid movement. 
The formation of the male gametes, the so-called *' flagella," is a 
very striking and characteristic phenomenon, easily observed in the 
Haemosporidia of warm-blooded vertebrates, and described in 
many forms since it was first seen by Laveran. Macallum [83] 
gives the following graphic description of the process : — 

''The adult organism is seen to draw itself together into a 
sphere within the red corpuscle, and sometimes immediately, but 
more often after a short delay, it begins to be greatly agitated, 
the pigment dancing about, and the surface of the sphere taking 
on an active undulating motion, which lasts but a short time, for 
the organism suddenly bursts from the corpuscle, scattering the 
remains of the latter, and in its place beside the nucleus of the 
corpuscle, which now lies free in the plasma, it throws out four 
or more flagella, which thrash about wildly, and sooner or later 
become detached and wriggle away. The sphere is much reduced 
ift «ze by this throwing out of flagella^ and the pigment is con- 
centrated. . . . The remains of the sphere continue to be agitated, 
and after the loss of the flagella, its pigment sets up a most active 
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dancing. Often it constncts itMlf into two or more parts, which 
may reunite. . . . Disintegration and death are the inOTitebU 
fate of these remaina of the flagellated body, even if it escapes for 
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any length of time one of the voracious leucocytes which wander 
about." 

The conjugation was first observed by Macallum -in the genus 
Halteridium from birds, and his discovery gave the first clue to 
the nature of the "flagella," and showed that the "Polymitus" 
form belonged to the normal cycle of the parasite, in contradiction 
to the views then prevailing amongst most authorities upon the 
Haemosporidia, who regarded this phase of the parasite as a 
process of degeneration. The following is the account of the process 
of conjugation, and the subsequent formation of the motile zygote, 
given by Macallum, whose figures are also reproducedf here 
(Fig. 74) : — " The two forms [i.e. a granular macrogametocyte 
and a hyaline microgametocyte] lay at some distance from one 
another [on the field of the microscope]. . . . The granular form 
happened to escape from the corpuscle first, and lay perfectly quiet 
beside the free nucleus and the shadow of the corpuscle. Soon 
the hyaline body, becoming greatly agitated, burst from the 
corpuscle and threw out active flagella, which beat about for a 
few minutes and finally tore themselves loose. . . . One of the 
four fiagella passed out of the field, but the remaining three pro- 
ceeded directly towards the granular form, lying quietly across 
the field, and surrounded it, wriggling about actively. One of the 
flagella^ concentrating its protoplasm at one end, dashed into the granular 
sphere, which seemed to put out a process to meet it, and buried Us head^ 
finally wriggling its whole body into the organism, which again became 
perfectly roimd. The remaining flagella, seeking to repeat this 
process, were evidently repulsed, and soon became inactive and 
degenerated. Immediately on the entrance of the flagellum, the 
pigment of the organism was violently agitated, without, however, 
any disturbance of the outline of the organism. Soon all became 
quiet again, and the period of quiescence lasted about fifteen 
minutes, when a conical process began to appear at one margin 
of the organism, which, increasing in size, drew into itself most 
of the protoplasm, the pigment, to a certain extent, being gathered 
in the remainder. Finally, most of the pigment was concentrated 
into a small round appendage, which remained attached to what 
now had become an elongated fusiform body [the ookinete or 
vermicul«], whieh soon swam away with a gliding motion." 

The fertilisation has been studied also by Schaudinn in Haemo- 
proteus and in the tertian parasite, and by Hintze in LankestereUa. 
In the two former a cone of reception is formed by the macrogamete, 
but in the latter a fine canal is formed, along which the male 
pronucleus is guided from th^ point of entry up to the female pro- 
nucleus. The zygote resulting from fertilisation is in all cases, 
apparently, at first a freely-moving gregarine-like vermicule or 
" ookinete," which seeks out actively, and penetrates, the cells or 
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tissues in which it comes to rest and becomes encysted^as an oocyst 
In all cases that have been recently studied, the oocyst is formed 
in the epithelium of the digestive tract, either of the same or of an 
intermediate host 

With regard to the sporogony, two types can be recognised, 
the differences between which depend upon whether the oocyst is 
actively parasitic upon the tissues in which it encysts, as in the 
malarial parasites, or whether it forms roiind itself a tough 
protecting membrane within which it is more or less independent 
of its host or of external conditions, as in Lankesierella (Fig. 75, 0). 
The latter case is undoubtedly the more primitive, and does not 
differ essentially from the state of things seen in the Coccidia. In 
the oocyst of LankestereUa the number of sporoblasts is relatively 
small, and each sporoblast appears to give rise to a single sporozoite 
only. This condition is related, in this instance at least, with 
absence of an intermediate host. Sporogony and schizogony here 
go on in the same animal. On the other hand, in the malarial 
parasites of birds and man, perhaps of all warm-blooded animals, 
sporogony takes place, as in Laveraniii^ in an intermediate host^ upon 
which the oocyst is actively parasitic. The enveloping membrane 
in these forms is very thin — according to Grassi it is formed by 
the host and not by the parasite — and the zygote grows greatly 
in size, forms a number of sporoblasts, and each sporoblast gives 
rise to very numerous sporozoites, as described above for Laverania. 
This great increase of reproductive power must be regarded as a 
secondary adaptation of a kind common in all forms of parasitic 
organisms, whereby the chances of disseminating the parasite 
amongst fresh hosts are much heightened by the vast number of 
germs produced from each individual. 

In no case, however, are sporocysts secreted within the oocjrst. 
The sporozoites whether few or numerous, are naked gymnospores, 
similar to those of the genus Eimeria amongst Coccidia. 

The Haemosporidia have been the object of extended studies on the 
part of Labb^ many of whose statements, however, still require con- 
firmatioD, especially with regard to the forms inhabiting cold-blooded 
vertebrates, %,e. the genera LankesUreUciy Karyolyt%Li, and Haemogregarina, 
It is asserted by him, with regard to the first two genera, that a trophpioite, 
after growing to a certain size within a olood-corpuscle, becomes free in 
the blood- serum, and that an isogamic conjugation takes place between 
two perfectly similar free individuals ; and that then the zygote so 
formed penetrates a second blood -corpuscle, or it may be a cell of the 
spleen, liver, kidney, or bone-marrow, and forms a resistent cyst within 
which it breaks up into sporozoites. A certain amount of scepticism has 
grown up with regard ^o these statements, which are not in any way 
confirmed by the recent obeervations of Hintze upon LankettereUa^ and 
receive no support from the analogy of what is known in other forma 
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(2) lAfe-history. — It is probable that an alternation of genera- 
tions, of schizogony and sporogony, occurs in all Haemosporidia, and 
that there are no forms in which the schizogony is non-existent or 
suppressed, as in Benedenia amongst Coccidia ; though there are 
many in which the sporogony has not yet been described. The 
most salient feature in which the life-cycles of different forms 
differ from one another is the mode of infection ; that is to say, 
with regard to the presence or absence of an intermediate host, in 
which the sporogony takes place, and which serves to disseminate 
the parasite. The brilliant investigations of Koss upon the Haemo- 
spor.idia of birds first demonstrated the agency of blood-sucking 
gnats of the genus Chdex in spreading the infection amongst avian 
hosts, and the organised researches of Orassi and his Italian fellow- 
workers have proved incontestably the part played by other mosquitos 
of the genus Anopheles in carrying involuntarily the malarial germs 
from one human being to another. In a similar way it has been 
proved experimentally that the parasite of the Texas cattle-fever, 
Piraplasfna bigeminum^ is transmitted from one ox to another by 
ticks (Bkipic^halus anfwdairis = Boophilus hovis)-, but in this case the 
part played by the intermediate (invertebrate) host is much more 
complicated than in the infection of birds or man with malaria 
by gnats, since the parasite passes through two generations of ticks. 

Th^ ticks which nourish themselves upon cattle and other mammals 
become sexually mature at their last moult They then pair, and the 
fertilised females, after gorging themselves with blood, drop off on to the 
ground. Each female then lays about 2000 eggs, and within the shell 
of each egg a large quantity of blood is deposited, to serve as vitellus for 
the developing embryo. When oviposition is completed, the female 
shrivels up, and becomes a dried, empty, lifeless skin. From the egg 
is hatched a larva, which has only three pairs of legs, and contains in 
its abdomen a certain quantity of blood, the still unabsorbed remains 
of its share of its mother's last meaL The newly-hatched larva crawls 
on to a blade of grass or other convenient coign of vantage, from which 
it either passes on to the skin of a fresh host, or drops off dead from 
starvation, if no favourable opportunity occurs for changing its situation 
before its supply of blood is exhausted. 

A remarkable fact, with reference to the transmission of Texas-fever, 
was first demonstrated experimentally by Smith and Kilbome, and subse- 
quently confirmed by Koch [70] and other observers, namely, that if the 
mother-tick drew its supply of blood from an ox infected with PiropUuma^ 
htT progeny are bom into the world infedted. with the panuite^ and become 
the means of disseminating the disease amongst healthy cattle. Thus is 
explained the long incubation -period of the disease, the time required 
for it to spread from diseased to healthy cattle being about forty-five to 
sixty days ; of this thirty days are taken up by the development of the 
egg of the tick, the remainder probably by the development of the 
parasite within the ox (Smith [97^. 
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From the facts it would appear at first sight as if the infection of 
the young ticks was a case of true hereditary infection, parallel to the 
''p^brine" disease of the silkworm. But it is quite possible that the 
tick-embryo acquires the infection secondarily from the blood it absorbe 
in the egg, and it does not follow that the parasitic germs pass through 
the OYum itself as in Qlvygta, Until something is known of the stages 
of the parasite within the tick, it is not possible to decide whether ti^ 
is a case of true hereditary infection or not 

The number of instances in which intermediate hosts have been 
demonstrated for Haemosporidia has been increased so steadily 
by recent researches that many authorities are inclined to the 
belief, to which expression has recently been given by Bomer, that 
for all species of Haemosporidia there is some blood-sucking animal 
which is the agent in the dissemination of the parasites, and that 
where no intermediate host is known, it merely remains to be 
discovered. 

There are, however, many grounds against believing that an 
intermediate host occurs in all cases. First, on general grounds, 
if the modern conception of the Haemosporidia as forms closely 
allied to Coccidia, adapted to parasitism upon blood -cells, be 
correct, it is reasonable to suppose that the ancestors, at least, of 
the group under consideration were at first without any special 
means of dissemination other than the resisteut spores and cysts 
found in Coccidia and Sporozoa generally \ and if this be admitted, 
it becomes further highly probable that representatives of these 
primitive forms will be found to exist at the present day. 
Secondly, empirical grounds are not wanting to support these 
conclusions, although decisive experimental proof is lacking as 
yet. In a great many instances amongst the Haemosporidia of 
the lower Vertebrata, sporogony as well as schizogony occurs 
in the Vertebrate host. In the case of the Lankesterella of the 
frog, Hintze has shown that the motile zygote leaves the blood to 
encyst in an epithelial cell of the gut, and that the resistent eyst 
so formed passes out with the faeces. We find here, therefore, 
just those conditions for disseminating the parasites which are 
most typical of Sporozoa generally. It is highly probable that the 
infection of the frog by Lankesterella is a casual one, brought about 
by the frog swallowing cysts of the parasite accidentally, and this 
conclusion is supported by the fact that, according to Hintze's 
observations, frogs living in pools and confined spaces are especially 
liable to the infection, while those from rivers and large areas of 
water are almost entirely free from it.^ 

There i» therefore a very strong case in favour of the view 

^ Compare tht very limilAr case of Lithobiut fW)m different localitiei as regards 
infection with Oaecidium, above, p. 221. 
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expressed by Schaudinn, namely, that many Haemoeporidia, 
especially those of cold-blooded Yertebrata, are not disseminated 
by an intermediate host, but that the infection is a casual one, 
as in any other kind of Sporozoa. It is evident that the acqui- 
sition of an intermediate host is an adaptation which is vastly 
beneficial from the point of view of the parasite, as is shown by 
the rapidity with which the diseases caused by them spread in 
countries where the two necessary conditions occur — the presence, 
that is to say, both of the parasite and of its blood-sucking inter- 
mediate host The latter in all cases hitherto investigated has 
turned out to be an Arthropod, within which the sporogony of 
the p&rasite takes place, and upon which the oocysts are actively 
parasitic. A general survey of the life -cycles of Haemosporidia 
and Coccidia would lead one, however, to believe that primitively 
the sporulating stages would not have been parasitic upon the 
intermediate host, but that the latter would have acted merely as 
a carrier and not as a host, in the strict sense of the word. A 
life-cycle of this kind remains as yet hypothetical, but may be 
postulated as a stage in the evolution of the adaptive relation 
between parasite and blood-sucker, even if non-existent at the 
present day. 

(c) (jloMificaiwn. — The nomenclature and taxonomy of the Haemo- 
sporidia is in a very confused state. It is not uncommon to find the same 
form' appearing in the literature under three or more different names, 
or to see the same name applied to designate totally distinct objects. Of 
recent years, however, much fias been done to introduce order into this 
chaos, and students of the group are slowly but surely coming to an 
agreement ^ to the correct names of the different forms of Haemosporidia, 
in accordance with settled zoological usage. There is still, however, con- 
siderable diversity of opinion as to the manner in which the parasites 
should be grouped together. 

Labb^ [4] classifies the Haemosporidia, as here understood, under two 
orders, the Haemosporidia tcMu stricto, and the Qymnosporidia ( = Acysto- 
sporidia of Wasielewski)^ The first of these divisions comprises the species 
parasitic for the most part upon cold-blooded animals, in which schizo- 
gony and sporogony occur in the same host. The Qymnosporidia, on the 
other hand, are the forms parasitic upon warm-blooded hosts, and owe 
their name to the fact that no resistent cysts are formed by them in the 
Vertebrate host, since the sporogony takes place, so far as has been 
observed, in an intermediate Invertebrate hoet Recent authorities have 
for the most part abandoned this classification, but in so far as it 
separates the more primitive forms, without special intermediate hosts, 
from those in which an alternation of habitat has been evolved, it is 
probably a useful and, to a large extent, a natural mode of grouping 
these parasitea Labb^'s two orders have therefore been revived by 
Keveu-Lemaire '[88] as two sub-orders of the order Haemosporidia, and 
they are retained here in this sense, but with the terminations altered, in 
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order to avoid confusion between the name of the order and that of the 
first of the two sub-orders. 

The majority of writers upon the Haemoeporidia are content simply 
to enumerate the various genera comprised in this order, without group- 
ing them into families. Recently, however, Neveu-Lemaire has recognised 
four families, without defining them, to include a certain number, but 
not all, of the known genera of Haemosporidia. These are — (1) the 
family RfUfmog^rtgarviiidfu^ equivalent in extent to the whole sub- order 
Haemosporidia ummk ttrido, and comprising the genera Lanketterella 
( a Dr6pantdium\ Karyolysui, and Haemogrefforina ; (2) family Haem^ 
amoebidae (Waaielewski), comprising the genera Plasmodium, Laverania, 
and Hiumamoeba ( » H€um>aproteus s. Proteoioma) ; (3) family HaUerididas 
for HaUeridium and Polifchromophilus ; (4) family A^romatiddae for Aehro- 
maHcui and Dactylosoma (synonym of Drepanidiwn), Amongst the genera 
left out in the cold is Piropkuma {^Apioioma\ a genus which is 
sufficiently well characterised to be the type of another family ; while on 
the other hand the position and importance of the genera PolyehromO' 
philui and Achromaticui must remain for the present doubtful. The 
arrangement of the genera in families seems, therefore, rather premature 
in the present state of knowledge. 

With regard to number of generic types to be recognised amongst 
the Haemosporidia, the greatest diversity of opinion prevails. Laveran 
[75, 77], to whose authority, as the original discoverer of the malarial 
parasites, the greatest weight attaches, recognises but three genera : 

(1) Haemamoeha [including Plasmodium, Laverania, Haemoproteus, etc.] ; 

(2) Piroplasma; and (3) Haemogregarina [including Drepanidivm and 
Karyolysus], This classification has at least the merit of simplicity, 
but in lumping the genera together to such an extent, Laveran is not 
followed by other writers, and his three genera are to be regarded rather 
as representing groups of the value of families in a natural system. 

In the following systematic review, the genera best characterised and 
commonly recognised are given first, and then a certain number of 
doubtful forms are briefly mentioned. 

Order HaemoBporidia, Danilewsky. 

SUD-ORDBR I. HABMOePORBA. 

Trophozoite typically a vermiform haemogregarine, endoglobular in 
early stages, free when full grown. Apparently no alternation of hosts ; 
schizogony and sporogony in the same host which is always a cold-blooded 
vertebrate, fish, amphibian, or reptile. 

Qenus 1. LankestereUa, Labb^, 1699 (for Drepanidium, Lankester, 
1882), preoccupied. The haemogregarine is not more than three-fourths 
the length of the blood-corpuscle it inhabits. Tjrpe-species L. ranafwn,^ 

Lankester (Fig. 75), parasitic on Rana esculerUa ; L. monUii (Labb^), from 



^ According to Hintze [68], this form was first described by Cbaussat in 1860 
under the name of Anguillttla minima^ so that its correct de^signation would be 
Lankesterella minima (Chanssat). 
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and perhapa also the ^' DTtpanidivim tarftatiavi'' deecribed hj Luti [83] 
fromanumberofBpecieiofanaket. QenusS. Haemogrtgarina, Danilewakri 
188S (sjn. Danikimhict, Labb^, 1894). The body of the psruite eiceeda 
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the blood-corpuBcle in lengtH when adult, and is bent on itself within 
it in a characteristic manner, like the letter U. A large number of 
species from reptiles (Chelonia, Lacertilia, Ophidia, Crocodilia), of which 
the commonest are H, lacaaei (Labb^), from Lacerta agUiSj and H, tteparwviy 
DaniL (Fig. 77), from Emyt lutaria and Cistudo europaea, H. magna 
(Or. et Fel.), occurring in the frog, Rcma escuUrUa, is perhaps the macro- 
gamete of LankestereUa rcMorum or L. manUis, Three species have recentlj 
been described from fishes : H, delageiy Lav. et Mesn., from Raia punctata 
and K mosaicay H. iimondiy Lav. et Mesn., from the sole, and H, bigemina. 
Lav. et Mesn. (Fig. 72), from two species of blennies. A doubtful species 
has even been described by Eisen under the name H, namta, from the 
blood of an Annelid {EclipidrUua frigidut). 



Sub-order II. Actstosporea. 

The trophozoite is an amoeboift haemamoeba, or is of simple body- 
form, and is typically endoglobular throughout the schizogonous cycle. 
An alternation of hosts is known in many instances to occur; the 
schizogony takes place in the vertebrate host, usually a warm-blooded 
animal (bird or mammal) ; the sporogony takes its course in an 
invertebrate host, which is an arthropod in idl cases hitherto observed. 

Gknus 4. Platmodiumy Marchiafava et Celli, 1885 (syn. Haemamoeba 
auct.). The haemamoebae contain granules of melanin-pigment. The 
merozoites are oval in form, arranged in a single group round a central 
residual body. Gkmetocytes spherical. Two species generally recognised, 
both parasitic upon man ; see above, p. 243. To this genus also Ltihe 
refers the form discovered by Kossel in apes, and named by Laveran 
Haemamoeba kochO Qenus 6. Laveranioj Or. et Fel., 1890 (syn. 
Ha>emomenatf Ross, 1899). Trophozoites and merozoites as in the last 
Qametocytes crescent- shaped. One species, L. m/xlariae^ Or. et Fel. 
(syn. Haemamoeba s. Haem^ymenae s. PUitmodium praecox, etc.), parasitic 
in human blood ; see above, p. 243 (Fig. 68). Qenus 6. Haem/>proteu$f 
Kruse, 1890 (syn. Proteoeoma^ Labb^, 1893). Trophozoites and merozoites 

^ Schaudinn, in his monograph on the tertian parasite [94a], unites forms here 
placed under the three genera, Plasmodium^ Laverania^ and HaemoproteuSf in one 
genus, to which he gives the first of these three names ; since he does not consider 
the differences in the form of the gametocytes to be an adequate generic distinction. 
The genus Pkumodium in his revision contains the following species : — 

(1) P. malariae (Lav.), quartan parasite of man. 

(2) P, vivax (Or. et Fel.), tertian parasite of man. 

(3) P. immaculaium (Or. et Fel.), parasite of human pernicious malaria. 

(4) P. praecox (Or. et FeL), the " Proteosoma " parasite of birds. 
(6) P. koehi (Lav.), from the blood of apes. 

The genus Halteridium Schaudinn considers to be distinct, but he declares that ft 
should be named ffaemoproteus, so that the halter-shaped parasite of birds stands as 
Haemoproteue danilewakyi (Or. et Fel.) t 

The confusion in the scientific names of these parasites is now so great as to lead 
to the remarkable result that the popular names commonly given to them famish 
more distinctive and intelligible appellations than the ever -changing "correct" 
taxonomic nomenclature." 
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as in the preceding. Gametocytes bean-shaped.^ One! spedes, H. dami" 
lewikyiy Erase (syn. Proteoioma graidif Labb^, parasitic on a laige number 
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Hamumroteu* danUewikyit Erase (par. birds), o, young trophozoite in a blood-ooipQKte. 
h and e, 'Older trophozoite, d and €, sporolation. d, precocious sporulation, with few mero- 
aoitet. «, sporulation of a ftill- grown schizont, with numerous raerozoites. / gametocrte. 
N, nucleus or blood-corpuscle ; n, nucleus of parasite ; p, pigment ; m«, merozoitee ; r.p, midaal 
protoplasm. (After Labbi.) x about ISOO. (a, h, e, and /from the chaffinch ; d and « from 
the lark.] 
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Fig. 70. 



HaUeridium danUtwtkyi (Or. et FeL) (par. birds), various stages, a, voung tropho- 
solte in a blood •corpuscle, b, older trophozoite, c, macrogametocyte with sphericu nucleus 
and eyenly-scatterecl pigment-granules, d, microgametocyte, with elongated irregular nucleus 
and pigment-granules at the two extremities of the body. «, double infection, micro- and 
maoro-nmetocyte in the same corpuscle. /, macrogametocyte throwiug out p«eudopodia. 
ff4t schizogony, g, early stage of schizogony ; the nucleus or the schizont has divided into 
two nuclei which travel to the two extremities of the body, h, the same stage more advanced, 
i, each of the two nuclei of the preceding stage has divided into four. j. the nuclei at the two 
poles have become very numerous. He, separation of merozoites (lat) sua residual protoplaam 
(r.p) containing the pigment • granules ; at one pole the arrangement of the merozoites is 
roughly ftm-lilu, at tiie oUier, mulbernr-like. c, commencing liberation of the merozoites. 
In^e final stages of schicooony (i-I) the blood -corpuscle is acted upon and more or less 
broken up by the parasite. N, nucleus of blood-corpuscle ; n, nucleus of parasite ; p.a, pig- 
ment granules, (a-/ after Laveran ; g4 after Jjabb^) x about 1200. [a-/ frt)m the pigeon ; 
g-i and I ftrom the Isirk ; k from the chaffinch.] 

of common birds (Fig. 78). The intermediate host is a gnat of the genus 
Culex. Qenus 7. HtUteridiumf Labb^, 1694. Trophozoites as in the 

^ According to Neveu-Lemaire, the name Haemainoeba, Gr. et FeL, 1890, has 
the priority ovtr ffaoMproUut for this genua ; but the case does not seem very 
dear, and rince the name Haemamoeba has many applications, and is often employed 
in a general as well as in a tazonomic sense, confusion is avoided by keeping to 
Kmse's name. 
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preceding ; merozoites disposed in two groupa, connected by the residual 
body. Qametocytes bean-shaped. One species, H, daniUuxkyi (Or. et 
FeL), parasitic upon various common birds (Fig. 79). Intermediate host 
not known. [The two forms of endoglobuli^ parasites found ia the blood 
of birds, Haemoproteus and HaUeridium, are easily distinguished in all 
but the very youngest stages. Hciemoprotetu has an irregular, more or 
less compact form, occupies the centre of the corpuscle, and pushes the 
nucleus to one side, often compressing or deforming it (Fig. 78); 
sporulation takes place in the peripheral circulation. HaU^rutium^ on 
the other hand, grows in a characteristic manner so as to resemble a 
halter in form, surrounding the nucleus, which is scarcely or not at all 
displaced (Fig. 79) ; it sporulates only in the internal organs, especially 
in the spleen and the bone -marrow.] Qenus 8. PiropUumti^ Patton, 
1896 1 (synn. Pyrosoma, Smith et Kilbome, 1893 ; AjnoBoma, Wandol« 
leek, 1896 ; Babena, Starcovici, 1893). Trophozoites amoeboid, ovoid, 
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DeTelopmtnt and ■ehizogony of Plroplatma bigeminum in the blood-eorpoaole of the col a, 
▼oongtBt form, b, slightly oldar. c and d, diviiion of the nucleus. < and /, division of tiM 
body of the parasite. 9, A, i, j, various forms of the twin para«it«. il; and 2, donbly-inllMtad 
conrascles. (After Laveran and Nioolle.) 

or pear-shaped ; schizogony by simple fission. Sexual cycle and sporo- 
gony unknown. Type-species P. bigeminum (Sm. et KX parasite of Texas 
cattle-fever (Fig. 60); the disease is known to be transmitted by the 
bites of ticks (see above), but the phases of the parasite in the intermediate 
host have not been studied. Hunt [69] has found crescents in the blood 
of eattle,. and has observed their change into a spheroidal shape, but 
while comparing these bodies to the ^r oooent s of the malarial ^rasites, 
he at the same time regards them as a form of sporulating body producing 

^ The nomenclatuie of the parasite of Texas-fever and its congeners ia in a very 
confased state. The generic name Pyrowma given to it by Smith and Kilbome in 
189S, being preoccupied for the well-known Aacidian genus* was altered to Pyrfh 
platma by Patton in 1896 (not 1886, as wrongly stated by Labb^ [4]), and in the 
same year Wandoll^ gave it the name ApioBonuif which, however, had previously been 
given by Blanchard in 1S86 to a genus of Ciliata (for Apiotoma piaeicola, ectoparasitio 
upon the skin of fishes). From these data, Piroplatma would sppear to be the correet 
name ; but in 1893 Starcovici gave the name Babesia bovis to the blood-parasite of 
cattle described by Babes (1888) under the name Haematoeoeeus bovie, which according 
to Laveran is identical generically and specifically with the Texas-fever parasite. If 
that ia the case, the correct name of the genus would be Babesia^ and the species 
parasitio on oxen should be called Babesia bovis (Babes). 
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Bpores endogenooaly, haying mistaken the coane granuleB in them for 
minute sporea. Doflein [2a], however, distinguishes minute individuals, 
reproducing hy schizogonj, from large pear-shaped forms, which he 
regards as gametocjtes. The latter have been observed by Ligni^res [81a] 
to round themselves ofif^ and even (as this author's observations are inter- 
preted by Doflein) to throw out " flagella," i.«. microgametea The rela- 
tions of the various phases hitherto observed, and their true rdle in the 
life-cycle, is at present, as Doflein observes, purely conjectural. Other 
species are P. canity Piana et Qalli-Valerio ; P. wU (Starcovici) ; and F, 
eqyki^ Laveran. P. tamit has also been proved to be disseminated by dog- 
ticks ; in South Africa by Haemapkytalu leacM ; in Europe, apparently 
by Dermacentor reticulcUtu. See Nocard and Motas [89]. 

The following genera are of uncertain value, and can only be accepted 
provisionally : — 

Polychromophilus, Dionisi, 1900, for two species, P. murinui, from 
the blood of Vespertilio muriniUj and P. melanipheruSy from another bat, 
Miniopterus sdireiberni. Intermediate host unknown. Trophozoites and 
merozoites as in Plasmodium, 

AehromaticitSy Dionisi, 1900, for A. vetperuginis, from the bats of the 
genus Vesperugo. Distinguished from the preceding only by the absence 
of melanin-pigment in the haemamoeba. Intermediate host unknown. 
Neveu-Lemaire refers to this genus the species Haemamoeba stLbimmaculata, 
Or. et Fel., from certain birds, perhaps a variety of Haemoproteus dani- 
lewskyij Kruse. 

Cytamoeba, Labb^, 1694, for (7. bacterifera, Labb^, from the blood of 
Rana esculenta, remarkable for containing commensal bacteria. Perhaps 
a pathological variation or deformation of LankesUrella ranarum, 

DactylosomOj Labb4, 1894, for D, ranarum{ — D. tplendensy Labb^ai 
Laverania ranarum, QrassiX from the blood of Rana escuUnta, is, according 
to Hintze, a variety of Lanketierella ranarum, 

Karyopha^us, Steinhaus, 1889 (syn. AcystiSf Labb^ 1894), for three 
species parasitic upon the epithelium of the intestine in the salamander 
(K, salamandrae, Steinhaus), the newt (K, triionU, Steinh.), and the frog 
(K, ranarumf Labb^). They are Eimerian phases of Coccidia (see p. 230)1 

Haemapium^ Eisen, 1897, for iJ. riedyi, an endoglobular haemamoeba 
from the red blood-corpuscles of Batrachoseps aXtenuatus (Urodela). 

Finally, there remains for mention a species of which tfie exact posi- 
tion is not yet clearly defined, and which has been described under the 
generic designation Haemamoeba^ in the sense of Laveran (see abo^ 
p. 265), namely, if. metc^nitovi, Simond, from TrUmyx indtcusy observed 
at Agra. It occurs as a minute pigmented endoglobular amoebula 
resembling the malarial parasites of birds and mammals. Its presence in 
a cold-blooded animal is therefore remarkable and quite exceptional 
The amoebulae grow into reniform bodies of two kinds, one with fine, the 
other with coarse pigment-granules. In addition there is found in the 
blood of the same hosts a non-pigmented haemogregarine which Simond 
believes to be also a phase of this parasite. Further investigations of 
this interesting form are required, and Laveran admits it only with 
some reserve to rank in his genus Haemamoeba, 
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Ck>mpanton of the Life-Oydee of the Telosporidia. 

It is evident that the Haemosporidia resemble the Coccidia 
yery closely in all essential points. Their life -cycle can be 
described in identical terms, and the points of difference are 
mainly adaptive. They might, in fact, be considered simply as 
Coccidia adapted to parasitism upon a special form of cell, the 
blood-corpuscle, as has been done by Mesnil (see p. 229, footnote). 
This point of view is not, however, strictly accurate, as the 
Haemosporidia exhibit certain features, not obviously correlated 
with their mode of life, which are not seen in Coccidia. Such 
are (1) the frequent occurrence of amoeboid phases in the growth 
of the trophozoites ; (2) the free, extra -cellular gregarine-like 
forms characteristic of one sub-order ; (3) the occurrence of schizo- 
gony by simple binary fission ; and (4) the motile " vermicule " 
phase of the zygote. Some of the above characters, notably 
(1) and (3), are clearly of a primitive nature, and could easily be 
explained as an inheritance from an ancestor common to them 
and to the Coccidia. 

The two orders Haemosporidia and Coccidia may therefore be 
regarded as two very closely allied groups of the Telosporidia, 
which have diverged from a common origin in two directions, in 
accordance with the difference in their habitat. Doflein has 
recently given expression to this view by placing the Coccidia 
and the Haemosporidia as two sub-orders of a single order, the 
Coccidiomorpha. 

On the other hand, the exact homologies between the different 
stages of the life -cycles of the Gregarinida and Coccidiomorpha 
respectively are not so obvious, and require brief discussion. In 
both groups the life-cycle may be complicated by schizogony, but 
for purposes of detailed comparison it is necessary to eliminate all 
secondary, or adaptive phases of development, and to select types 
in which the life-history runs the simplest course. In other words, 
the comparison must start from the consideration of a mono- 
genetic type of development by sporogony, such as is found in 
the vast majority of Gregarines, and in Benedenia amongst Coccidia. 

In a typical Gregarine such as MonocystiSy or, better still, 
Siylorhynchus, the life-cycle may be formulated as follows : — 

In a monogenetic Coccidian, the life -cycle may be expressed 
thus: 
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Comparing these two formulae,^ it is seen that the main 
differences between the two types are seen in two points. First, the 
female gametocyte in Coccidia gives rise only to a single female 
gamete, instead of to a number of them, and consequently there 
is only a single zygote, and a certain number of male gametes are 
wasted ; secondly, the zygote of the Oregarine becomes a sporo- 
blast, and ultimately a spore, but the zygote of the Coocidian 
becomes the oocyst, and gives rise to a number of sporoblasts, each 
of which becomes a spore. 

The facts stated above have led some authors to abandon the 
obvious comparison of spore to spore and cyst to cyst in Orega- 
rinida and Coccidiidea respectively. Taking the zygote as the 
fixed point, so to speak, in both types of development, it has been 
urged that the product of zygosis should be strictly homologised 
and that therefore the Coccidian oocyst should be compared with 
the Gregarine sporocyst. From this basis of comparison the 
Coccidian sporocyst is something not represented in Gregarines, 
and similarly the Gregarine cyst is without parallel amongst 
Coccidia. This interpretation of the homologies seems to raise 
more difficulties than it solves, and we shall attempt to show that 
the facts can be interpreted differently, and in a manner at once 
simpler and more natural 

There is one point in which the two life-cycles differ, which is 
not shown by the formulae given above, but which is of crucial 
importance. In Gregarines the two sporonts become enveloped in 
a common cyst htfort they give rise to gametes, and the entire 
process of zygosis goes on within the cyst. In Coccidiomorpha 
the zygosis takes place between free gametes, which become 
encysted after the process is complete. The rare instances in which 
an oocyst is secreted by the female gamete before fertilisation, as 
in Coccddium proprium, etc. (p. 227), is not really an exception to 
this rule, since here also the male gametes are free, and a micro- 
pyle is left for their entry into the oocyst. 

The relation of the encystment to the zygosis is probably the 
clue to the solution of the problem, and affords a means of ti*acing 
a simple phylogenetic origin for the two divergent types of life- 
history. As an ancestral condition, common to all Telosporidia, 
we may assume a type in which the gametocytes each formed a 
number of gametes, as in Gregarines, these gametes, however, being, 
like those of the Coccidia, free, that is to say, not enveloped in 
any cyst. The trophozoites of this ancestral form were probably 

* The formulae of the life-cycles are simplified, but not modified for purpoees of 
oomparison, in those oases in which tha apovoblasts are transformed into gymnosporea 
or so-called sporozoites, as in Aggregata amongst Gregarinida and Eimtna (Legereitd) 
amongst Coccidiide&. In such cases, instead of " n Sporobla8ts->>n Spores x mn 
Sporozoites," we most write '* n Sporoblasts-^n Oymnospores " ; or, for Haemosporidia 
or Aggugata^ "n Sporoblasts x wn Oymnospores (Sporozoites)." 
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entirely intracellular, and the gametes formed by them were prob- 
ably differentiated into active male gametes and jxissive female 
gametes. Nevertheless, the male gametes must often have failed 
to find the female gametes, which would then have to develop 
parthenogenetically, or to perish unfertilised. From this hy|K)- 
thetical ancestral stage the state of things existing in both 
Oregarines and Coccidiomorpha may be derived by simple processes 
of adaptive improvement and specialisation. 

In the Gregarines, with the acquisition of an intercellular 
trophic stage, it became possible for the gametocytes to associate 
and become encysted together, so that the gametes are formed in 
a confined space, and there is no possibility of the male gamete 
failing to find the female. In correlation with this condition the 
differentiation of the gametes becomes less important, and, as L^ger 
has pointed out, conjugation takes place prematurely between 
immature gametes, a condition which, carried further, has probably 
led to the complete isogamy of such forms as Monocystis, 

In Coccidia the trophozoites remain intracellular, and hence 
the gametocytes are usually kept apart, though occasionally 
premature association takes place {Adeiea, etc.). Correlated with 
this state of things, a very great specialisation of the gametes is 
brought about. In the female gametocyte the process of multipli- 
cation to form gametes is in abeyance, and each female gametocyte 
becomes a female gamete after elimination of nuclear substance. 
The male gametes, however, are produced usually in large numbers 
from the gametocyte (only when there is precocious association 
of gametocytes is the number of male gametes reduced), and the 
gametes themselves are of a highly specialised type. Thus the 
probability of a male gamete finding a female is very great, even 
if not a certainty, as in the Gregarines. Immediately after fertilis- 
ation the zygote divides to form the sporoblasts, which may be 
compared to those of Gregarines by supposing that the process of 
multiplication by which the gametocyte of the Coccidia gave rise 
primitively to a number of female gametes has not been com- 
pletely suppressed, but merely deferred until after the process of 
zygosis. 

From this point of view the female gamete of the Coccidia must 
be compared not to a single fem.ile gamete of a Gregarine, but to 
the whole number of those produced from a female gametocyte in 
the latter, the actual process of cell -division being temi^rarily 
arrested. This intcrjiretation receives the strongest sup|)ort from 
some remarkable observations recently made by Schaudinn [51(f] 
upon the life-cycle of the Coccidian, Cijclospora caryoJijtica, panvsitic 
on the mole. In this form, as described above (p. 225), the 
nucleus of the macrogamete normally throws off two " reduction- 
nuclei" which degenerate, and the reduced pronucleus then 

i8 
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copulates with o^ie of the numerous microgametes which penetrat0 
the female gamete (see p. 227). But in a large number of caBet 
Schaudinn observed that the reduced pronucleus underwent de- 
generation, while the reduction-nuclei, on the contrary, flourished 
and continued to divide, populating the macrogamete with a large 
number of nuclei. In such cases, when the usual swarm of micro- 
gametes entered the macrogamete, each microgamete copulated 
with one of the numerous nuclei of the macrogamete, the result 
being a process of multiple fertilisation of the macrogamete, round 
which an oocyst is secreted in the usual way. There can be no 
doubt that, as Schaudinn suggests, this multiple fertilisation ia, 
from the phylogenetic point of view, a reminiscence of an ancestral 
condition in which the female gametocyte produced numerous 
female gametes, each capable of being fertilised by a microgamete. 
The efiects of this multiple fertilisation upon the Cydo^poi'a are, 
however, purely pathological, and lead to a complete degeneration 
of the contents of the oocyst, which shrink and break up, with 
production of a great quantity of brown pigment, in a way that 
recalls the so-called " black spores " of the Haemosporidia (p. 253). 
This is a striking instance of a pathological condition resulting 
from a reversion to an ancestral mode of development. 

It follows from the homologies put forward above between 
the gametes of Coccidia and those of Gregarines, that the cyst of 
the latter is a formation functionally analogous, but not phylo- 
genetically homologous, to the oocyst of the former. In both 
types, however, the contents of the cyst are to be regarded as 
equivalent, and the sporoblasts and spores (gymnospores or 
chlamydospores) as strictly homologous in the two cases. The 
first impulse towards the divergent evolution of the reproductive 
phases of Gregarinida and Coccidiomorpha respectively probably 
came from the acquisition, by the former, of an intercellular 
trophic phase. There is, however, another group, the sub- order 
Haemosporea, in which an intercellular trophic phase has been 
acquired, and in which similar adaptations in the reproductive 
phases might be expected to occur, but since next to nothing is 
known at present with regard to the sexual reproduction of these 
forms, it is impossible as yet to say how far such expectations are 
fulfilled. 

Sub-Class Neosporidia. 
Sjwozoa in which reproduction goes on during the trophic phase. 

Order 4. Mjrzosporidia. 

The Myxosporidia are one of the mo«t populous and abundant 
groups of the Sporozoa, exhibiting a wide range of structural 
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variations, correlated with great divergence in habitat and mode 
of life. They are nevertheless a well-defined and homogeneous 
order, characterised more especially by the following points of 
organisation and development : — The trophozoite is amoeboid and 
Rhizopod-like ; spore - formation commences at an early period 
and proceeds continuously during the growth of the trophozoite ; 
the spores are produced ' e/uiop^e/um^^^, x,e. within the protoplasm 
of the trophozoite; and each spore always possesses one or more 
very distinctive structures, the ^^ polar capsules" which have a 
strong resemblance to Coelenterate nematocysts. These points 
taken together are sufficient to distinguish one of the Myxosporidia 
(including under that term the Microsporidia or Olugeidae) from any 
other sporozoan type. 

(a) Occurrence, etc, — The Myxosporidia, and especially their 
spores, figure in older zoological works under the names either of 
" fish-psorosperms '' or of *' p^brine-corpuseles." The former name, 
Implied to the sub-order Ph^Ltnocystes {^Myxosporidia sens, strict, 
aucL), arose from the fact that the Ichthyop^ida are the group of 
animals most favoured by their attentions; the latter name, 
denoting various species of Cryptocystes {^^ Microsporidia, Balbiani), 
was given on account of the well-known association of one species 
with the destructive silkworm-disease, ** la p^brine." 

The PhaenocysUs are pre-eminently parasites of Veitebrata,^ and 
especially of fishes. They are not known to occur in Amphioxus, 
in Cyclostomes, or in Ganoid fishes, and a few families of Teleostean 
fishes, such as tlie Cydopteridae and Pleuronedidae, apparently do not 
harbour any Myxosporidia; but with these few exceptions the 
greater number of, at any rate, the commoner species of Elasmo- 
branch and Teleostean fishes are subject to their attacks, and not 
infrequently one itpecies of fish may be infested by four or five 
different species of Myxosporidia. They occur commonly also in 
various Amphibia, especially in Anura. In Reptiles they are less 
abundant, but Myxidium danilewskyi, Laveran, infests the kidneys of 
tortoises (Emys luiaria and Cistudo europaea), and an undetermined 
species has been described from the muscles of lizards and tortoises.' 
A *' psorosperm '' is also reported from the crocodile.^ But up to 
the present, no Myxosporidia of any kind are known to oeeur in 
warm-blooded Yertebrata, in which the Sarcosporidia seem to take 
their place. 

The Cryptocystes, on the other hand, are most commonly 

^ ExceptionAare : — Chlor(»nyxumdiploxyttTh^\ohhn{CyttodisciisdiploxyttQxiT\ey)t 
discovered by Balbiani in the moth Tortrix viridana ; an unidentified species of 
Myxobolut (?) discovered by Lieberkiihn in the Oligochaete Nait laeuHHSf and 
figured by Butschli, Bronn's '^Tliierreich," PI. 38, Fig. 23 ; and the organisms described 
by StolS as Actirunnj/xidia from aquatic Oligocbaeta {vide p. 298 itf/ra). 

* Danilewsky, 1891, and Pfeffer, 1893 ; see Th^lohan [113]. 

* Solger, 1877 ; see Ourley [102]. 
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found infesting Invertebrate hosts, and especially Arthropods. 
Hence they were termed by Balbiani " peorospennies des Articol^" 
But they have also been found in other classes of animals both 
Invertebrate and Vertebrate. Glugea laverani^ CauU. et Mesn., infests 
two species of Polychaetes ; an undetermined species of PUutqphora 
has been found by L^ger (1897) in a Trematode {Brachycodiwn sp.); 
Olugea helminihophthara (Kef.) is found in tapeworms, Taenia sppi, 
and in Nematodes (Ascaris mfstax) ; Glugea bryazoidee (Korot), Th^L, 
has been described by Korotneff from the Bryozoan AleyimceUmm 
fungasum ; while a number of species of Olugea and Pleisicphara are 
known from various fishes. The range of this sub-order is there- 
fore wide, and future researches will probably show it to be even 
more extended than it is known to be at present 

(6) Habitaiy Effects on their Hosts. — The Myxosporidia, taken as 
a whole, seem to be more efficient than any other group of Sporozoa 
in impairing the health and vitality of their hosts, and are often 
the cause of the most virulent epidemics. The ravages of the 
p^brine disease amongst silkworms, caused by Glugea bambydSf is 
perhaps the most familiar example of their destructive powers, but 
many other instances could be cited, especially the frequent 
epidemics amongst fish caused by Myxosporidia both in Europe 
and America. The destruction wrought by Myxobolus pfeifferi 
amongst barbel, and by M, cy^nt amongst carp, in the rivers of 
France and Grermany, has caused a good deal of attention to be 
directed to the parasites in question, and in the case of the former, 
the investigations of Hofer and Doflein elicited some interesting 
facts. The barbel were found to be infested with the Myxebolus in 
all the rivers of Germany, but while in certain rivers, particularly 
in the Moselle, the parasite is endowed with powers so deadly that 
the barbel are killed off in thousands, elsewhere it is comparatively 
innocuous. The epidemics amongst crayfishes in France, caused by 
TfUlohavia contejeani^ also deserve special mention. The economic 
importance of the Myxosporidia has led to their being the object 
of thorough and extended investigations in recent times. Ten 
years ago the Myxosporidia were an obscure group of which 
comparatively little was known ; at the present day, though much 
remains still to be studied, they are perhaps more thoroughly 
worked out, and on the whole better understood, than any other 
section of the Sporozoa. To this result, the careful and laborious 
researches of Th^lohan, Gurley, and Doflein have contributed more 
especially. 

In the bodies of their hosts the Myxosporidia attack a variety 
of organs. The Phaenocystes are typically intercellular parasites, 
while the Cryptocystes commonly infect cells, but in the former 
sub-order the trophozoite in its earliest stages may occur either 
within or between cells (Doflein). The distinction has not. 
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therefore, the importance often attributed to it A large number 
of forma are tissue parasites, especially the numerous species of 
Myzobolidae amongst Phaenoc^tieSf and many Orfpioq^stes. Hence 
the Myxoeporidia, together with the Sarcosporidiai have been termed 
Histosparidia (Labb^) or Hittozoa. These terms cannot^ however, 
be used in any but a physiological sense, as a great many Phaeno- 
eysies, especially in the families MyxUiiidae and ClUoramyxidiu, occur 
floating freely in the internal cavities of certain organs. It is 
therefore more convenient to distinguish at the outset between 
species living freely, on the one hand, and those infecting cells or 
tissues, on the oUier hand. The "free" species occur more 
particularly in the cavities of biliary or urinary organs in Vertebrate 
hosts ; that is to say, in the gall-bladder, bile^ucts, urinary bladder, 
or kidney-tubules. No species are known, however, which, like the 
Oregarines, occur free in the alimentary canal or in the general 
body-cavity of their host during the trophic period of the life- 
history. In the organs which they affect they are found floating 
freely in the urine or bile, or attached by their pseudopodia to 
the lining epithelium, but they do not injure the cells themselves, 
except indirectly, as, for instance, when they may be so numerous 
in a kidney - tubule as to obstruct the lumen, with pathological 
consequences to the organ. The species which attack tissues and 
cells may occur in all parts of the body, infesting usually either 
connective or muscular tissue. The only classes of tissue exempt 
from their attacks, so far as is known, are bone and cartilage. They 
are not known to occur in the testis of any host, and though they 
frequently attack the connective tissue and stroma of the ovary, 
they rarely penetrate the ovarian follicles, wjiich happens, however, 
in the case of the silkworm -moth, with the result of producing 
hereditary infection. Nervous tissue also is very seldom affected 
by these parasites, but Olugea lophii, Dofl., attacks the ganglion-cells 
of Lophius pisccUoriuB, It is amongst the tissue-infecting Myxo- 
sporidia that the most injurious parasites occur. A given species 
may either restrict its attacks to one particular organ or tract, or 
it may ravage impartially almost all parts of the body, and as a 
rule the destructiveness of a parasite is directly proportional to the 
extent of its range within the body of the host In some cases, 
for instance, in that of MyxoMw pfeifferi of the barbel disease, 
bacteria have been suspected of aiding the Myxosporidian parasite 
to produce its fatal results ; but according to Doflein, bacteria do 
not occur in the tumours produced by the MyxoMva until they 
have reached the stage of suppuration. 

The tissue-infecting forms fall naturally into two subordinate 
categories. In the first place, the attacks of the parasite may be 
C(mcentrated at one spot, in which case a cyst is usually formed round 
it by the adjacent tissues (Fig. 8 1 ). Within the cyst, the body of the 
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MjrzoaporidUn may exhibit a certain amount of differentiation at 
ita outer surface to form a limiting 
membraoe or envelope. In the 
second place, the parasite may be 
spread uver a considerable area of 
the tissue infected, producing the 
condition aptly termed by Thilohan 
tl)at of diff-ase mfillTalion (Fig. 82). 
In this case, the protoplasmic body ot 
the parasite and the cells of the tisane 
are inextricably commingled, and as 
the former is gradually used up to 
form spores, a condition is finally 
reached in whicb the tissne is found 
to be infiltrated with vast numbera 
of spores lying isolated from one 
another, or in groups between the 
. cells. The concentrated condition (^ 
> the parasite ia usually distinctly 
i visible to the naked eye, as little 
____ ' spote in the tissues ; the diffuse con* 

dition requires microscopic investi- 
gation in order to discovei' the parasite. Some speciea occur 
indifferently in either state, others only in one or the other 
condition. 

Awociated with the parasites in the tisauea there are frequently to 
be fonad large numbera of "yellow bodies," the aature of which is 
donbttal ; whether, that is to say, they ere products of the parasite or of 
the host They are often very conspienoui, and often enclose spores {see 
Doflein [100]). 

An interesting fact was brought to light by Hofer and Doflein witb 
respect to the destructiTe "Pockenkrsnkheit" of the carp. The disease 
shows itself in the form of large indurated tumours of the skin, consisting 
of epithelial growtha which are invaded by leucocytes and by a prolifeia- 
tion of blood-vessels from the cutli. The mo»t careful search foiled, 
however, to discover parasites or intruding oi^anianiB of any kind in 
these tumours, but in all the diseased fish Myxcbolv* q/prini was found to 
occur pleniifully in the spleen, liver, and kidneys. Hence these authors 
explain the akin-eruption of the carp as an indirect effect of the inter- 
ference with the metabolism caused by the pKsence of the parasite in the 
internal organs, more particularly in the kidney. This view has, however, 
been sharply criticised, especially from the medical side (see Luhe [6], 
pp. 85, 86). 

(c) Morphology. (1) The Trophic Stage. — The trophozoite of the 
Myxosporidia ia remarkable, as baa been said, for its amoeboid form 
and Rhizopod-like appearance. In all hut very young forms, the 
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body is divisible into two distinct regions, a denser external 
ttaplasm, clear and very finely granular, enclosing a more fluid 
mdoplasm, which is opaque and coarsely granular (Figs. 83 and 84). 
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The ectoplasm is the seat of movement, and the pseudopodia take 
origin from it, but it also has a protective function, well seen in the 
forms inhabiting bile or urine, which disintegrate if the ectoplasm 
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be damaged. The endoplasm, besides vacuoles, gtMtnles of various 
kinds, and sometimes crystals, contains th« nudei, and spores in 
' all stages of development. 
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The pseudopodiA are euy to obaerre in tbe free fonna, but m« 
leas easily studied id the tiasne-icfecting species. They vuy in form 
from lobose, rounded projectJona to slender or even filunentooi 
processes, which may unite 
longitudinally, but never 
form reticular anastomoses 
(compare Figs. 84 and 86). 
They usually arise from the 
eetoplaam alone, but aome- 
times are formed aa out- 
growths of the whole body 
substance (Fig. 86). In 
many speciea, especially of 
Dieporea, the peeudopodia 
are localised at the extremity 
which is anterior in locomo- 
tion (Fig. 67). In some of the 
forms which exhibit localisa- 
tion of this kind, the anterior 
pseudopodia are not the 
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principal agents in forward movement, but appear to be thrust out 
more or lees tentatively, as it were, and progression is effected 
in the following remarkable manner. A strong tail-like pseudo- 
podium grows out from the posterior end, which, sa it is formed, 
pushes the body forwards (Fig. 87, c). The anterior peeudopodia at 
the same time bond round and elongate in proportion as the animal 
advances. The extension of the propulsive pseudopodium is accom- 
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panied by the excretion of a granular BUbstance which is left behind 
aa the animal moves forwards. Locomotion effected in this manner, 
by meane of a posteriorly situated propulsive pseudopodium 
(" Stemm-paeudopodium," Doflein) is unique amongst Protozoa, and 
poeeibly represents a primitive method of progression, which in 
the noQ-amoeboid Telosporidia is reduced to the shooting out of a 
secretion alone, without any extension of protoplasm, from the 
posterior end (see p. 181). 

The pseudopodia, whatever their characters, are never used for 
the ingestion of solid food -particles, aa in Amoebae. In free forma, 
however, they serve for fixation, as well aa for movement. Besides 
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amoeboid changes of form, the trophoioite may exhibit contraetile 
movements like those of Gregarines, resulting in ring-like con- 
strictions or fleziona of the body. 

In many cases, especially amongst encysted forma, the ectoplasm 
baa its protective function developed at the expense of its motility, 
and becomes converted into a firm envelope, which may be finely 
fibrillar, as in Gl-agta aaomah, or vertically striated, as in Myxidium 
tiebtrkuhnii (Pig. 86). In the last-named species the character 
of the ectoplasm is variable, and in other cases it may give rise to 
tobose pseudopodia, or be covered with a sort of fur of fine 
non-motile filaments. These differentiations of the ectoplasm are 
important for comparison with the envelopes of the Sarooeporidia. 

The eDd(9la8m has a distinctly alveolar structure, and ia aome- 
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timei vacuolated, and often eoloured. It eontaina 
«ncloaarea and met4q>Uitio product!, moat frequently of anoflj 
or fatty nature, repraaenting probably rewrre nutriment. Id tlw 
yonngeit trophoEoitea there ia but a ungle nucleus, but whh 
grow^ of the parasite the niunber of nuclei lodged in tb* 
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endoplum continually ineraaaea by their dtriaion, until many art 
preunt in the fUll grown fornii. The number vt amalleat ia 
diaporoui fonni (tn/ra, p 283), where it may be no more than ten, 
but usually it u mueh greater than this. The nuclei are very minute 
a* a rule, generally not more than 1-2 /i in diameter, but th^ 
aometimea differ markedly in sise in the aame individuaL Eadi 
nucleus consista in typical instances of a deeply-staining membruw 
endosing a reticular framework, on whioh the chromatin is partly 




diffiise, partly aggregated towards the centre to form a "cbromato- 
■phere." True nucleoli or karyosomes are not found. The dirinon 
of the nuclei takes place by a form of karyokinesia, but witboat 
aetera or centrosomes (Fig. 89). 

(2) Spore-Formalion. — The spores commence to develop at an 
early stage in the growth of the trophozoite, and in some species 
they continue to be formed until the whole of the substance of the 
trophoEoite ia used up in their production. In other cases, how- 
ever, the volume of the reproductive bodies is small in comparison 
with that of the whole body. The spores may be few in number, 
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no more than two being formed in some genera, hence termed 
ditporous, but more usually they are produced in great nnmben, 
and all stages of the development of the spores are commonly to be 
found present at the same time in a given indiyiduaL Since, 
therefore, sporulation does not, as in Telotporidia, indicate a 
cessation of growth and nutritive activity on the part of the 
parasite, it is not accompanied by encystment of the sporont 
Occasionally, however, the ectoplasm may secrete a gelatinoua 
envelope, when reproduction commencei {e.g. Myxidiiim gi^ntevm, 
Doflein). 

In some cases, e.g. Myxidium luberkiAnii, Biitschli, spore-forma- 
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tion haa been observed to vary with the seasons, being in abeyance 
in the winter, but proceeding actively in the warmer months. 

The first sign of spore - formation is the concentration of 
protoplasm round one of the nuclei of the endoplasm, to form a 
little spherical corpuscle, the jian^oroblaii of Gurley ("primitive 
sphere" of Thdlohan). \ot all the nuclei of the eiuloplaBtn, 
however, are used up for the fonaation of pansporoblasts; a 
certain number may be left over as residuary nuclei, at least in 
the Disporta (Pig. 91). The pansporoblast is separated from tlie 
surrounding endoplasm by a thin pellicle or envelope of tougher 
protoplasm. In preparations a space may appear round it (Fig. 
90, a), which is the result of shrinkage caused by preserving 
reagents, and is not p;res«nt in the Uviag condition. The nuclena 
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of the pansporoblast divides repeatedly by mitosis, to form sevenl 
nuclei, the normal number being about ten (Fig. 90, 6, c^ d). The 
protoplasm at the same time segments within the envelope into two 
masses, the definitive sporMads; this may take place before, or 
after, the full number of nuclei are formed in the pansporoblasts. 
The two sporoblasts when completely developed have each three 
nuclei, since four of the ten original nuclei are cast out as 
residuary nuclei, and undergo degeneration (Fig. 90, e). Each 
sporoblast now begins to secrete a cuticular tporMnembrane at the 
surface, and within the membrane the protoplasm segments into 
three portions centred round each of the three contained nuclei 
(Fig. 90, /). Of the three corpuscles or cells thus formed, two are 
rather smaller than the third ; the former are the two capsulogemms 
edU ; the larger corpuscle is the sporoplasm^ and its nucleus divides 
into two, a division which sometimes takes place at an earlier stage, 
so that the undivided sporoblast may contain four instead of three 
nuclei. 

Each capsulogenous cell gives rise to a polar capsule in the 
following way. A clear spherical vacuole first appears near the 
nucleus of the cell. At some point, which is not constant, in the 
wall of the vacuole, a bud of protoplasm grows into the interior of 
the vacuole, pushing aside the clear substance contained in the 
latter (Fig. 90, g). The bud of protoplasm becomes a little pear- 
shaped body, surrounded by a clear envelope which is derived from 
the contents of the vacuole. At first connected by a stalk with the 
point at which it took origin, the pear-shaped body becomes free 
through severing of this connection, and then takes up a definite, 
specific orientation with regard to the spore as a whole (Fig. 90, A). 
At the surface of the pear-shaped body a membrane is formed, and 
in its interior a spirslly-coiled filament is developed. The polar 
capsule, when fully formed, has a striking resemblance to a 
Coelenterate nematocyst^ since the coiled thread can be shot out 
upon suitable stimulation (Fig. 97). Bound the polar capsule are 
found the remains of the capsulogenous cell and its nucleus, but 
they soon degenerate and disappear. 

When the development is completed, there are found, still 
contained in the envelope of the pansporoblast, two spores, each 
enclosed in a tough membrane, within which are the iK)lar capsules 
and a little binucleate mass of sporoplasm which represents the 
single sporozoite. The envelope soon breaks down, and the spores 
are then found scattered in the endoplasm of the trophozoite. 

The development above described it that tjpical for the Phaenoqfita, 
but even in this order there it considerable variation, and in the 
CryptiKyiUi the deviations from the type above described are still mor^ 
pronounced. 

In the Phaenoqf$t€$f apart from individual abnormalities (Fig. 90, t), 
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which mre frequent, th« chief derelopmenUl Tariations are Men in the 
number of polar capintee, of which there may be only one, or oi man^ u 
fonr. The latter number characteriie* the CMoromyzidM, and in thii 
fiunilj twelve or fourteen nuclei are found in the paniporobhHt, and fin 
or liz in each definitiye aporoblaet (DoHein [100]). 

In the CVyptocjfilM the panipoiobloat always girei riae to more thtui two 
•porei, namely, to four in (7ur{«i/<>> eight in TMAanvi^vA to& Urge number 
in i'Jnridphora and Olugea. Further peculiaritiea 
are eeen in the origin of the panaporoblaat in this 
■ub-order. In Olugea, numerous panaporoblattt 
are formed in each trophozoite, juit aa in the 
polTapoiooi PhaenoeyiteM, but in Ourleya, Thdo- 
hattia, and PUittophora, the whole trophoioite 
beeomea converted into a gingle paiuporoblaat, thoa 
producing a itate of things wbicb onlj differs from 
Coccidium or any other Teloeporidian type in the 
foot that the sporea are formed endogenonslf, in 
the boaom of the protoplaam, and not at ita outer 
Burliace. An approach to thii condition ia alao 
■een in the dieporou* PhaenoeytU*, where only one 
pangporoblaat ia formed in each trophozoite, the 
remaining protoplaam, with the contained nuclei, 
being left over aa reaidual protoplaam which diea 
off ultimately (Fig, 81), It would not be safe, 
perhapi, to regard theae forma which produce a 
tingle pansporobloat a> connecting links in any 
way between the Teloaporidia and the Neotpo- 

ridia, but they are certainly auggestiTe in con- i „_.„ 

■idering the relationabip between theae two sections '^^^^,^ ,^1" 
of the Sporoioa. The Hyxoaporidia might be isttan u taftin. 
regarded aa forma in which the trophozoite pro- ' "' 
dncee typically a greater or leas number of sporonts (*,(. panaporoblaata) 
by a proceM of internal gemmation. On thii view, the typical life-cycle 
of the MyioBporidia would represent an alternation of generations between 
trophic and reproductive individual!.' 

The development of the pansporoblast or aporont of Theldumia miiUtri 
haa been followed in detail by Stempell [111]. The uiiclena dividee 
without mitosis into eight nuclei, round which the protoplasm become* 
•agmented to form eight sporobluts, imbedded in an intercellular residuum 
within the envelope of the aporont (Fig. 9S, a-t). Each aporoblast becomes 
a apore, which has first one nucleua, later two (Fig. 92,j-I). Stempell 
has made the further remarkable discovery, that when a fnah hott 
{Qammanu) is arti6cislly infected, the spoie* remain some time in the 
gut before germinating, during which period the two nuclei dividci lo 
that the spore ready to hatch has four nuclei (Fig 98, m). 

1 Sinoa this Twagrspli vm written {in 1901X QtaapeU [111, p. ses) bu dis- 
cnisad tba ral&tlon bttween "iporont" sod " paniporobUit," and hss niggeitad 
that the sparonti at ThdaAania ind similar forms sr* " psnsporoblsstt wbicb In the 
coon* of tba phjlogenetle developmaDt hsTa baceae Indspradsnt Indlvldnals." 
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(3) Morphology of the Spore, — In their external form and 
stnTctural details the spores of Myxosporidia show great variability, 
and furnish useful characters for purposes of systematic classifica- 
tion. The spore -membrane is composed of a transparent, homo- 
geneous substance, of doubtful chemical nature, and remarkable for 
its resistance to the action of reagents. It has the form of two 
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valves meeting in a suture, along which the spore opens to permit 
the escape of the sporozoite. The spore, as a whole, is very minute 
in the Cryptocystes (i fix S fi in Glugea anomala, 2*5 /a x 1*5 /a in 
0. ovoidea)^ and in this sub-order is uniformly pear-shaped. In the 
PhaenocysUSy on the other hand, the spore is larger, and often of 
considerable size (100 /ax 12fiin Ceraiomyxa sphaerulosa), and it is 
always distinctly bilaterally symmetrical about the sutural or veiiieai 
plane. In Leptotheca and Ceraiomyxa the spore is elongated in a 
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Spore of Oeraiomi/xa tpKoxruloM^ Th^L (par. MuiMu» and 6a2«i(«X x 750, a 
sp.p, sporoplasm ; p.c, polar capsules ; «, suture ; x, "irregular, pale masses, of 
origin. 
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direction at right angles to the plane of symmetry (Fig. 93) ; but 
in Myxidiumy Henneguya, and most other genera of Phaenocystes^ the 
longest axis of the spore lies in the plane of the suture (Figs. 95, 
99, 107, etc.); a position intermediate between these extremes is 
occupied by the nearly spherical spores of Sphaerospora (Fig. 106). 
The spore-membrane may be prolonged into tails or processes of 
various kinds (Figs. 108, 112, etc.), which may attain a consider- 
able length, in which case they are found coiled round while still 
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within the pansporoblMt enrelope (Fig. 96), and become Btraightened 
out when set free from it 

The poUr ci^ules are fixed to the valTei of the spore-membrane 
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close to the suture, and communicate each with the exterior by a 
fine canal, through which the coiled thread in the interior of the 
capsule can^ be shot out (Fig. 97). The natural stimulus which effects 

I 
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Two tister spores of CvmU>' 
myxa Zino0|xmi, DoH. (par. Ijabrvs 
tunltu\ still enclosed in envelope 
of the pansjioroblast, showing 
the magner in which the long 
processes of the spore are cnrled 
round within the envelope. 
(After DoSein.) 

the discharge of the polar capsules 
is found in the digestive juices 
of the specific host infected by 
the parasite (see below, p. 290), 
but the same result can be 
brought about artificially by a 
number of reagents, such as ether, 
glycerine, boiling water, various acids, etc. When there is 
only one polar capsule, it marks a point commonly termed an- 
terior. When there are two capsules, they may either be close 
together at the anterior pole, as in Myxcholus^ etc. (Fig. 99), 
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or they may be situated at the two opposite poles, then termed 
inferior and superior, as in Mt/xuiium (Fig. 107) ; perhaps a good 
example of a distinction without a difference. In Cldoromyicidae 
four capsules are found, which again may be in one group at 
the anterior pole (Fig. 108), or disposed in two pairs at opposite 
extremities, after the fashion of Myxidium, 

In Glttgeidcte the spores are remarkable for the fact that the single 
polar capsule is invisible in the fresh condition of the spore, hence the 
name Cryptocyttei, It can, however, be demonstrated either by provoking 
the extrusion of the filament or by the action of certain reagents which 
render, it distinct The presence of a polar capsule in the spores of the 
Olugeidae was first made known by Th^lohan, a discovery which threw 
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X 1500.) 



light on the relationship of these forms, and led to the amalgamation in 
modern classificiitions of the Myxotporidia {Pluienoq/stes) and Microsporidui 
{Cryptocii8tes\ formerly regarded as equivalent orders. 

The polar capsules are a very i*emarkablc and distinctive feature 
of the spores of Myxotporidia^ and have often been misunderstood. 
Mingazzini, for example, mistook them for the true sporozoites. It is 
nevertheless possible that the polar capsules may represent sporozoites 
modified and specialised for a particular function (for which see below, 
p. 290), as suggested by Delage. It is difficult either to criticise or to 
support this view until more is known of the relationship between the 
Myxosporidia and other types of Sporozoa. 

The sporozoite, or s])oroj)kismy consists of a finely granular mass 
of protoplasm. There is never more than one such body, which 
has constantly two nuclei in Phatnocystes, In Crffphyt/sies, as we 
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have Been, the nucleus, at first single, divides twice to produce four 
nuclei (p. 285 supra). The sporoplasm generally fills the spore 
completely, but in Ceratomyxa it is relatively small, and lodged in 
one valve of the shell (Fig. 93). In the family MyioMidae the 
sporoplasm contains a peculiar vacuole, enclosing a substance which 
stains a reddish brown with iodine, and exhibits some of the 
reactions of glycogen (Fig. 99). No such vacuole is found in the 
other families of Phaenocystes^ but in Olugeidae a clear vacuole is 
almost constantly present at the broader (posterior) extremity, 
which does not, however, exhibit any chmtcteristic reactions. 
Besides this the sporoplasm of Olugeidae often contains numerous 
fine fatty globules. 

(d) Development of the Spores; Ittfective Processes, — ^The develop- 
mental period which intervenes between the ripe spores and the 
youngest trophic stages, is the least known period of the life-cycle, 
as in all other Sporozoa, but the observations of Th^lohan and 
Doflein make it possible to form a tolerably clear idea of the events 
that take place. The spores are set free from the parent trophozoite, 
apparently, by the death and disintegration of the latter in all cases, 
and we have next to consider the paths by which they leave the 
body of the host In this process we may distinguish conveniently 
between natural and non-natural modes of exit Thus in the case 
of species which live in the gall or urine of their hosts, the spores 
doubtless pass out of the body by natural channels. In the case 
of tissue-infecting forms, if the cysts are formed near the surface of 
the skin or the lining of the alimentary canal, they may excite sup- 
puration, and so work their way to the adjacent surface when the 
abscess bursts, setting free the contained spores. In both these 
cases the death of the host is not necessary in order that the spores 
may be set at liberty ; in the first case the host is not inconvenienced ; 
in the second case a certain amount of damage is done, but not 
necessarily enough to destroy the host, which may live to harbour 
other parasites and to disseminate more spores. But in the case of 
species inhabiting more deeply situated tissues, the spores can only 
be set free by the death and disintegration of the host, and if this 
event be too long delayed, the result is fatal to the parasite ; that 
is to say, the spores, if retained too long within the body of the 
host, pass their prime and die, as is so frequently the case in other 
Sporozoa which cannot leave the body of the host by natural means. 
The spores never, apparently, develop further in the host in which 
they are formed. 

The spores when set free sink to the bottom of the water, when 
the host is an aquatic animal, or in other cases, as in that of the 
silkworm, are left lying about in the host's usual haunts. The 
infection of a new host is apparently always a casual one. The 
ingenious experiments of Th61ohan [113] showed that the spores must 

19 
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be svallowed by tho new boat wilh ita food, in an ftceidentel nuumar, 
and paai into its alimentary canal ; then, and not till then, under 
normal vroumstancea, does germination commence. Attempts to 
prodnee infection by direct inoculation, bjr means of intennediata 
hosts, or in other ways, were wholly unsuccessful The first effect 
<& tiie action of the digestive juices is the extrusion of the filamenta 
(d the polar capsules, which appear to act as oi^jans of fixation, 
attaching the spore to the epithelium of the digestive tnu^ The 
two valves of die spore-membrane then separate along the suture 
and permit the escape of the contained sporozoite, which emerge* 
as a minute arooebula and penetrates the wall of the digestive tract 
From this point the tiny parasite embarks upon migrations, in some 
eaiei very extensive, in order to reach the organ or tissue which ti 
its final destination. It is not possible to state with any certain^ 
how these migrations are either effected or guided. In some cases 
the journey is perhaps performed on foot, as it were, tlie little 
amoeboid germ pushing its way actively through the tissues, like a 
leucocyte. In other cases the parasite may be passively transported 
by means of the blood-current. The latter method is probaUy tha 
more usual, the little germ being carried along suspended in the 
blood-plasma ; at any rate, there is no evidence that it ever attacb 
the blood-corpuscles. The one thing certain with regard to thia 
stage of the life-history is that the parasite is able to select and to 
seek out, in some mysterious fashion, the specific organ or tissue 
which it afiiscts, and which may be situated at a considerable 
distance from tha original seat of infection. 

Finally, it should be noted that in Qivgta hmAydt of the silk- 
worm disease, hereditary infection is effected by the penetration of 
the parasite into the ovary and the formation of spores within the 
ovum itseli Thus the newly-hatched sjlk- 
y worma are already infected with the disease 

r li'Ct\ \\ ■ ''- "><i disseminate it amongst healthy indi- 
t {** i ri\ '^' 1 viduals. No other case of this kind is known 
in the Myxosporidia, nor indeed in the whole 
of the SporoEoa, with the possible exception 
of the parasites of Texas-fever (p. 262). In 
GHgea, bombycis the infection of older cater- 
Fio. 100. pillars is effected exclusively by the accidental 

Ki<inay.ctui or tha urp ingestion of spores along with the food, so that 
ofvrnMvi ^1!^", "Eo" ''fire too Casual infection is the normal type, 
n^j^mw '^I'^myxa. ™Pplomented by hereditary transmission of 
■poriiiliB gamt; n. nuciai the disease-germs. 

Doiiio.) "'''■'* ' {() Schizogony and Mvltipliailim Processes. — 

When the amoebula reaches its definitive 

situation, it invades the tissues and commences to feed and to 

moltii^y endogenouely witii great activity. It is probable, how- 
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8Yer, that before the p&rasite arrives at its destination, it goea 
through dovelopmentAl processes of which it is only possible as 
yet to form a conjecture. Doflein has drawn attention to the 
noteworthy fact that while the sporosoite of the PhaenocstUs always 
contains two nuclei, the youngest observed trophic stages have but 
a single nucleus, and bs has suggested that this difference is due 
possibly to conjugation, leading to an exchange and subsequent 
fusion of nuclei, taking place between the free amoebulae. No con- 
jugation has been observed as yet in any stage of the life-history, and 
this fact makes it the more probable that some fonn of conjuga- 
tion takes place at a very early stage, having in view further the 
great reprcHluctire powers which these parasites exhibit even in the 
youngest stages of development. Conjugation at this early stage 

would find a parallel in the frequently occur- 

ring conjugation between swann spores in 
many Rhizopods.^ 

Like many other SporOEoa, the Myxo- 
sporidia possess the power of endogenous 
reproduction within the host, as well as of 
exogenous reproduction by means of spores. 
Doflein has aptly distinguished these two 
modes of reproduction as the muttiplicaiive 
and the propagative methods respectively. The 
former is comparable in a general way to the 
schizogony of Telosporidia, though differing 
in details. It has long been suspected to 
occur in the Myxosporidia on account of the 
vast number of parasites that may be present Jjiyi'j,, (S!n*«»iif buu 
in a iHven host, and the difficulty of supposing k^< (pv. £w ■"d ^X 
that each parasite could have onginated in endopium -, tha ei>u nam 
each case from a separate and independent pjmioii «pr»«ii. u« .cto- 
spore infection. It is only in recent years, 

however, that it has been demonstrated by Cohn [99] and Doflein 
[100] in various forma. Multiphcative reproduction may take 
place in one of two waya In the first place, it may go on in the 
full-grown trophozoite, either by simple binary fission, similar in 
externals to that of an ordinary amoeba, or by the formation of 
buds from the protoplasmic body.' Doflein has termed this process 

* Aceording toStcmpell [111, p. 202, footnola], Scliaudiiin hu oburrsd "coptda- 
tlon of ths tmoeboid gemu of ■ >porc " (lu:) in Qltigea bombneu. Th« pnblicktioD of 
tlMM obwTTfttioDi will tM (mit«d with iDtcrut. SUmpell conaiden that ths toor 
eodel Men b7 him in sporei prarlonj to gBradaatlon (p. !8fi tupra. Fig. 02. n) »• 
pr«MDt > procttw of uaclear radaetlon prallmlniry to ths oo^Jngation. 

* Laverui and Henll [lOS], howeTer, dsny that the baddlng dsKribad bf 
Cohn occun. They find that in Ugxidium luberkahnii endogenoai mnltipUcatioD 
goal on hj eqiul or mbeqnal pUamotomf in jonng traphoioitei, a^d th»t thaaa 
■mall fomu oftaa attach thomNlrai to the lOTbce of thl bodr of lug* IndiridiMl*, 
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plasmoiomy, defined as the breaking-up of a multinucleate cell into 
multinucleate fragments; the plasmotomy may be either wnpU^ 
i.e. ordinary fission, or muUipk, as in budding (Fig. 101). T\n» 
mode of reproduction is probably common in the free forms. 

In the second place, multiplicative reproduction may take place 
in the youngest stages of the parasite, in the amoebula which has 



,-.-,jTi-s- *i^f*JiP^rt% s^^WahRW *S&iSse^i 

* ,.■/ •«■& t\^' ■ 






Fio. 102. 

Stages of multiple amitoeii in the youngest germs of Ohi^ta lopkii, DofL (After Dofleim.) 
(The stages given here are thoee of a dirision into four, b«t the prodoets of division maj exceed, 
or fldl below, this number.) 

just reached its definitive situation. The nucleus of a minute 
individual undergoes a fragmentation into numerous daughter 
nuclei by a process of "multiple amitosis** (Fig. 102). The proto- 
plasm then breaks up to form numerous minute uninucleate '' swarm- 
spores," which spread the infection in the tissues of the organ 



^ ^ o# 



^3!^-'i^ 





Fio. 108. 

Schizogony of TkAokanin mttUeri (L. Pffk-.V. a, *' meront " witli single nucleus ; h and e, 
division into two ; d and «, into four ; /, g, A, chains of meronts formed by rapid division. 
After Stempell, x 2250 (see footnote). 

affected, or it may be in all the tissues of the host, which in this 
way may be soon quite overrun by the parasite when once infected. 
This method of reproduction is probably very common, if not uni- 
versal, in the tissue and cell-infecting Myxobolidae and Glugeidae} 

thus giving rise to an appearance erroneously interpreted by Cohn as budding 
(compare Fig. 101). This method of reproduction goes on actively during the 
winter months, when no spores are produced. 

^ In Thdohania mUlieri (L. Pffr.), from the muscles ot Oammarus pulex, Stempell 
(Zool, Anxeiger, xxiv. p. 157) finds two kinds of trophozoites — larger sporonts^ which 
produce spores, and smaller merarUs, which multiply by a simple form of schizogony. 
Each meront divides into two after direct nuclear division, but before the separation 
of the two colls is complete, further division is commenced, 8o that three or four in- 
dividuals are found connected in a group. This method of reproduction is clearly 
intermediate in character between the two methods, plasmotomy and formation of 
•warm-spores, described above. 

[Since this note was written, Stempell's detailed memoir has appeared [111], from 
which Fig. 103 ia reproduced.] 
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CLASSIFICATION. 
Ordbr Myxosporidia, Biitschli. 

Sdb-order I. Phaknoctstbs, Gurley ( = Myxoiporidia sens. ttricL), 
Spores relatively large, bilaterally symmetrical, with two or four polar 
capsules, which are plainly visible in the fresh state. (Two anomalous 
species of Mifxoboltu have but a single polar capsule in the spore.) Two 
spores are formed in each pansporoblast The trophozoite is an inter- 
cellular parasite in all but the earliest stages. 

(a) Ditporeciy Doflein. Only two spores (i^, one pansporoblast) are 
produced in each trophozoite. The greatest length of the spore is at right 
angles to the plane of symmetry, i,e. the sutural plane. Typically " free " 
parasites (see p. 277). 

Familt 1. Cbratomyxidae, Doflein. With characters as above. 

Qenus 1. Ctraiomyxa^ Th^l., 1 892. The valves of the spore-membrane 
have the form of hollow cones, the extremities of which are prolonged into 
more or less attenuated processes (Fig. 93). About nine species are 
known, all from the gall-bladders of fishes. Tjrpe-species (7. gphaendosoy 
Th^l. (Fig. 93), from Mustelua and GaUiu. Qenus 2. Leptotheca, Th^L, 
1895. The valves of the spore 
membrane are not produced 
into long processes as in the 
preceding, and the sporoplasm 
fills the whole space within the 
spore-membrane not taken up 
by the polar capsules (Figs. 
104, 105). Six species are 
known, four inhabiting the ^V^^^ .?' U/^otheca 

n VI J J c A \. u-i rtJ7i/««. Tliol. (par. Tryj/OH 

gall-DlaaderS of tlSbeS, while and^or/>frrtt«).»eeniiitlie 

L. ranae, Thdl., occu« in the jj^^'p^;""^;;..,'},'."^; 
kidneys of Rana escuUnta and Huture ; p, npompiMm. 
P #««»*t.v«^w^ . T ^^:^^U ('•'roin Wasielewtki, after 

Th^l., in the kidney-tubules 
of the mackerel. Type-species L, agilis, Th^l. (Fig. 104), from the gall- 
bladder of Trygon mdgaris. 

(6) Polytporea^ Doflein. More than two spores, usually a vast number, 
are produced in each trophozoite. The greatest length of the spore lies in 
the sutural plane. 

While in general the Polysporea and Disporea are distinct enough in 
all their characters, a transition between these two sections is furnished 
by the genus Sphaerosporoy which has nearly spherical spores, and of which 
one species, S, degant, Th^L, is disporoua 

Familt 2. MTXiDnDAE, Thdl. The spores have two polar capsules, 
and are without an iodinophilous vacuole (p. 289) in the protoplasm. 
Typically " free " parasites. 

Genus 3. Sphaerotpora^ Thdl., 1892. (Characters, see above.) Four 
or five species are known, mostly from the kidneys of fishes, but 




Fio. 104. 




Fio. 105. 

Spores of Lefttotheea 
perCata [> Chloromyxum 
(SpKaerospom) prriatOf 
Ourley] (par. Aeertna 
cerniiai. (From Waaie* 
lewski, after Ualbiani.) 
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CO., Cohn, i* found in the gall-bUdder of the breua (^imtmu 
ta), and S. rU'jant, Th^l., from Qa^troiUvt app., peuetratea from the 
kidney into the ovftrinn atraiDft. QeniiB 4. ilyKidium, 
ButMhll The spore* ue elongfttad in the snttinl 
plane, vid fuiiform, with a polar eapaule at Meh 
extremity (Fig. 107). The polar filainenta tie long 
and filiform. About aeven apecies are known, Um 
raoat familiar being M. litbtriulmii, Biitach., from tlw 
urinary bladder of the pike. The other apeclM «n 
Fiu. iM. moatly from the kidneys or g&ll-bladdera of fishes, bat 

iJ^^tc^Jtrba. ■"'■ daniUv^Ayi, Laverui, has been described from tbs 

(w. UufU up.) kidueya of tortoises. Qeavjti. Sphatn>myxa,Tbi\^180t. 

St^nt"^" "^e spores are fusiform and longitudinally striated, 
with truncated ends, and with % polar eapaule at Mch 

extremity (Fig. 90). The polar filaments are short and conical. The 

trophoioite is generally of disc- 
like or lenticular form, with lobed 

ectoplasm at the maigin. Three 

species ore known from the gall- 
bladders of fishes. Genua 6. Oyito- 

diieu*, Luti., 16B9. Spores ova), 

with the sutural plane running 

obliquely to the principal axis, 

and a polar capsule placed near 

each extremity of the spore, but 

not quite terminal. Trophozoite 

similar to that of Sphatromyxa. 

One species, C. immertui, Lntz., 

from the gatl-bladder of Bafo agun 

and C}/itignath«i ocfllata*, in Brazil. 

[By Qurley the species Chloro- 

myntm diploxyt, Thil., is also in- 
cluded in this genus, which in 

made the type of a family Cytdh 

ducidat. The genus Sphaerwayxa, 

Tb^l., is also referred by liim U> 

this family, but doubtfully. By 

Thflohan, on the other hand, 

Cyitoducu* innertu* is referred to 

the genus Sphacromyia, and the 

genus Oyttodiicat is not recognised.} 

Oenus 7. Myxotoma, Th^l., 1892. 

The spores are flattened, and oval 

in outline, with the polar capsules 

tremily. One species, M. dujardini, Thil. (placed by Qurley in the genua 

OUonrniyxum)^ from the gills of Scardiniv* tr^Tophihalm'ut and Ltuci»c»i 

nitiiiu. Qenus 8. Myxoproteus, Dofl., 1896. Spores roughly pyramidal, 

with spiky projections at the upper end (is. from the base of the pyramid}, 

which bear* two large polar capsules, separated by an interval equivalent 




close togethei 
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to their own diameter. One ipeciei, M. amhi^ut ( -> Myxotoma ambiffuum, 
Th^LX from the siiiuuy bladder of Lophiut piteatoriut. 

Family 3. Chlobohtxidab, Thdlohan. Sporei with four polar 
capsules, and with no iodinophiloua vaenole in the aporophMiu. (Bj 
Onrley the name of thii fkmilj ii used in a difTcKDt lenae, and containa 
the genera Ctratomym and GUoro- »«. 

mymm, a lub-genns of the latter brinR 
Sfhaerotpora, which includes Myxo- 
toma.) 

Qenna 9. CSUoromyxum, Mingaszini, 
1898, with the cbaiactera of the 
family, Sii or aeren speciea are \ 
known ; tjpe C. Uydigt, Ming, from 
the gall-bladdere of various Elasmo- 
branehi (Fig. 108, a). 0. cavdatum, 
Thdl., occur* in the gall-bladder of 
Triton eritUUu* (Fig. 108, by C. 
diploxyt, Th^l., infests Tortrix viridana; 
aberrant in the matter of habitat, this p,a, log. 

species differs also from other species spom af cMnrnviidai, iftar TMiobu. 
of the genus in having the four polar «, '•■*T™,'"" 1""'%?'^^ ?ISJ2? 
eapaules arranged in two pairs at the Thti., x looo. n.c, poUr uhu1«i •, *>- 
opposite extremities of the spore, like 'tS".WVl;vrio^: ''• ' '™"'' 

a Mfcidium with doubled polar cap- 
sules. It should probably be regarded as a distinct generic type. 

Familt 4. Mtsobolidae, Thilohan. Spores with one or two polar 
capnileH, and with a pecnliar iodinophilous vacuole in the sporoplaim. 
, Typically tissue-parasites, only found in Verte- 

\ / brates, with the doubtful exception mentioned 

above (p. 278, footnote). 





with lia lutnnl plii _ .. .. 

'. {FroinWMl«f«<itki,>n« 



Genus 10. Myxobolxu, BiiUchl'^ 1882. Spore-membrane without a 
tail-like procasa, with one or two polar eapsalea (Figs. 100-111). About 
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40 species knowo, but not all named ; found in the gills, fins, scales, 
kidney, spleen, etc^ of various fishes, usually in the connective tissue 
of these parts. The genus is divisible into three sections ; in the 
first come the aberrant forms M, piriformii^ Th^l., of the tench {Tmoa 
iinca\ and M, \m\eap$\iXatu$^ Gurley, from Laheo niloticutj which have 
pear-shaped spores, each with a single polar capsule ; in the second are 
M. ditpar^ Th^L, from Cyprintu nUilus and Leucisctu rtUilus, and M, 
inaequaliSj Qurley, from Pimelodus blochi and P. clarias^ both with two 
polar capsules of unequal size ; while in the third section are the very 
numerous forms characterised by two polar capsules of equal size, the beat 
known being M, mulleri, Biitsch., the type-species (Fig. 99), from varioua 



X.-vl 




Fio. 112. 

Spores of Hinneguya p$oro»j>ermira^ ThAl., 
fh>m the pike, a and d are seen lying with 
the Butural plane horizontal ; b and c with 
the sntural plane vertical, c is an abnormal 
•ixire. 




Fio. 113. 

S|M>rt>M uf vurious (Jlugeidat, xl500, after 
Tliclohan. (i and h, VUittophora tyyioalU, 
(jurley; a in the fresh condition, o after 
treatment with iodine waUrr, cauHins ez> 
trnsion of the tilament c ami d, Thclohania 
ortotpora, Heiineguy ; a tivah, h treated with 
ether. «, Glugm deprtssa, Th61., fresh. /, 
G. aenta^ Tlidl. 



fish (Squaliu8 cephalus, Barbus harhtu, Phoxinua laevU, Crenilabrus meUtpg^ 
Thymallua vulgaris) ; M, elli})8oide8y ThdL, of the tench (Fig. 109) ; 
M. pfeifferi, Th^l., cause of the deadly barbel-disease ; and M. cyprini^ 
Dofl., from the carp. Genus 11. Henneguya, Th61., 1892. Spore with 
a tail-like process, with two polar capsules (Fig. 112). Four species 
are known, two of which infest sticklebacks (Gasterosteta acuUahu 
and pungititu) ; a third occurs commonly, with several varieties, in 
the pike and the perch. Genus 12. Hoferellus^ Berg., 1898, nom. nov. 
for Hoferia, Dofl., 1898. Spore of broad and compressed form, with 
two tail-like processes at the posterior pole. One species, H, cyprini^ 
Dofl., associated commonly with Myxoholtu qfprini in the disease of the 
carp. 

ScB-ORDKR II. Cryptocystbs, Gurley { =^ Microsparidia, Balbiani). 
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Sporei minute, pear-thaped, with one polar capaule, which u only visible 
attar treatment with reagents (Fig. 113). More thao two Bporea an formed 
in each paDHporoblast. Cell paradtea. 

Fauily b. Oldq£IDae, Thelohan. With the characters of the sub- 
order. 

Section a. I'ol^rpoiTo^fnea, Doflein, The trophozoite produces numerous 
pansporoblasts, each of which in turn produces monj spores. 

Oenua 13. Qliigea, Th^l., 1691. With characters of the section. (The 
synonymy of this genui is somewhat involved, and it is by no means 
certain that the name most commonly employed has the prior right over 
N<i»ttiM, Nageli, 18&7, or dfuroiporvliiim, Balbiani.) A large number of 
species are known, from a great variety of hosts, among which Arthropoda 
and Fishes preponderate. The best known speciw is the destructin 
0. bom^ew of tlie silkworm. 

Section ^. Uligo^oiogmea, Doflein. 
The trophozoite produces a single pan- 
sporoblast. 

Oemis 14. Owieya, Dotlein, 1698. 
The pansporoblast produces four 
spores. One species known, 0. tetra- 
Mpora, Doll., from Che hypodermic 
tiatae of Daphnia maxima at Munich. 
Genus 1&. Thelohania, Henn., 189a. 
The pansporoblast produces eight 
spores. Five species known, all from 
the muBcles of Crustacea. Genus 1 6. 
PUutopKora, Gurley, 1893. The pan- 
sporoblast produces numerous spores. 
P. typiealu, Ourley, miiscles of various 
fishes (Fig. 114); an undescribed 
species observed in a Trematode 
(Uger). Many of the numerous 
species described under the name porum or ■ • 
Glmta are referred by Labbd to this ebnotatKauari 

genua Ing tbeir itrUUoD 

Myxoiporviia (?) incerlae wrfu.— ~ IjEig bttwesn tht 
Under the name My^coq/iiii nZiotn, 

HrAzek (1897 [110]) has described a parasite found iu Limnodriliu 
eiaparediamii. The parasites in question were only observed in a single 
instance, ifccurrlng in vast numbers, and rendering the host opa(]^uc and 
greyish in appearance. They were found in the wall of the gut or ill 
the body-cDvity, as spherical or oval masses, fiO to 100 /i in diameter, 
often united in groups. They showed a distinct etoplasm, usually 
prolonged into a fur of delicate filaments, similar to those seen in 
many Myxosporidia (e.g, Myxidium IMerkiAnii, p. S81). The endoplasm 
contained nuclei of different sizes, and also spores, the latter sometimes 
filling up tlie entire endoplasm. Each spore was oval, 4 ^ in length, 
resembling a spore of Glugea, and contained a strongly refractile body, 
perhaps a polar capsule. UnUek considers that M^xoeytlU shows some 




idcd bjr Fltiitoatumi 
iukI* II brill, tsulB- 
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poinU of retembUnce to the Sucoaporidia, tmd tbU iU poaition te A 

prMent UBcertain. 

Fiom eertain fraatiwator OligochutM peeulitir pantitM Iibts bom 

doacribed by Stole [119], who i^ard* theae organiimi aa constittiting % 
diatina group of auimals, named bjr him 
Actinomfiidim, anppowd to ba intar- 
mediata in poaition between H7X0- 
aporidia and Heaoioa. Stoic's memoir 
is in Bohemian, bnl an abatract ia given 
br Mriiek {&hA. CaaralU., viL, IMQ, 
p. S04), who contiden theae parautea to 
be Hjzoaporidia allied to Ctratonyxa. 
Stoli diitinguiihee three genera, Htu- 
odtnoniyzon, TVtodtnoTnyzm, and Synae' 
linomymn (aee Fig. 116 and deeeription). 
Pi^logtny. — Thelohan, whoae inTeata* 
gationa upon the Myzogporidia form llw 
bulk of modern acientific knowledge of 
the groups considered the diaporona 
fonna aa bait% at once the higheat and 
the moat primitive members of tb* 





liu tbn* polu-'apanli 



-rportloa 



ihgwlBg two of 



entire order. The Disporea all live freel]' aa amoeboid organiama in 
the bile or urine ; thejt exhibit the greateat capacity for locomotion 
by means of their highly specialised pseudopodia, and their repro- 
duction ia perhaps of a priraitire type in that each trophozoite pro- 
duces but a single pansporoblast The genus Sphaero^ora connecta 
them with the Polysporea, which on this view are to be considered as 
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fomu exhibiting adaptire degeneration due to their parasitic life. The 
tendency to snch xlegeneration is to be regarded as having reached its 
culminating point in the tissue-infecting Myzobolidae and Cryptoeyties, and, 
as in other parasites, it goes hand in hand with a great increase of the 
reproductive power, shown in the large number of spores produced bj 
each individual. 

It is hardly possible in the present state of knowledge to put forward 
any criticisms upon these interesting speculations until more is known of 
the relationship of the Myzosporidia to other Sporozoa. At the present 
they stand very much apart and isolated, and until intermediate forms 
are discovered linking them to other groups, it is not possible to decide 
which forms are to be considered as the most primitive in their organisa- 
tion. As regards the reproductive capacity, however, it may be pointed 
out that on the whole it is distinctly related to the habitat of the parasite. 
Thus the Disporea all infest regions of the body in which their spores 
can pass to the exterior without difficulty by natural channels, and there 
is no danger of the spores becoming stale or dying off from too long 
retention within the body of the host^ as so frequently happens in the 
tissue -infecting forms. In the latter, therefore, a much greater repro- 
ductive capacity is necessary to guard against the danger of staleness than 
in the former, in which no such risk exists. Not only is it necessary for 
the tissue-infecting forms to produce more spores, but also to keep up a 
constant supply of them, so that there may always be ripe spores ready 
to carry on the race when the opportunity for their dissemination arrives. 
These considerations do not, however, in any way invalidate Th^lohan's 
conclusions. 

Order 5. Sarcosporidia. 

The Sarcosporidia are the least known of all the chief orders of 
Sporozoa, in spite of the fact that, although restricted in occurrence, 
and also, apparently, as regards variety of genera and species, they 
are exceedingly abundant as individuals and very easily obtained 
as material for investigation. So far as it is possible in the present 
state of knowledge to characterise the group, their distinctive 
features are as follows. With the rarest exceptions, they are 
parasites of the striped muscles of warm-blooded vertebrates, birds 
and mammals. The trophozoite is an elongated body, which, in 
the earliest stages hitherto observed, is motionless, and is limited 
at first by a delicate cuticle, later by a thick envelope of compli- 
cated structure. Spore-formation commences at an early stage 
and proceeds during the growth of the trophozoite (hence Neo- 
sporidia), which may attain to a great size. The spores, which 
are produced in great numbers, are minute sickle- shaped or 
spindle-shaped bodies, with a very delicate envelope containing (1) 
the sporoplasm, with a single nucleus ; (2) an oval striated body, 
placed at the pole of the spore, and representing, apparently, a 
\yo\a,r capsule such as is found in the Myxosporidia. In some 
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individuals, however, only naked gynutosporea appear to ba 
produced, probably serving for multiplicatioo of the pannte 
within the boit. 

(a) (kcwTtwx, Habitat, etc — The Sarcosporidia have ao far been 
found, with few exceptions,' only in warm-blooded vertebrate!. 
In mammals they occur very frequently in domestic animals, and 
are nearly always to be found in the pig and the sheep. They 
also occur commonly in the horse and ox, and have been found in 
a number of other mammals, including the human speeiea.* In 
birds they have been found in domesticated species, such as the 
conuuon fowl and duck, and in wild birds, as, for erample, the 
blackbird. 

The earliest stage of the parasite which has been observed is 
lodged within the substance of a muscle-fibre in the form of an 
elongated body known as a "Miescher's Tube" (Fig. 117). The 
muscles dfTected are more especially those of the trunk in the 
vicinity of the stomach ; the muscles of the oesophagus are the 
chief seat of the parasite (Fig. 116), 
then those of the larynx, the body- 
wall, and the di-iphrugm, an<] the 
psoas muscles. In acute cases all the 
skeletal muscles may be infected, 
even those of the head. Sometimes 
the parasites are found in the eye- 
muscles. Within the muscle - fibre 





McUon at tilt OMOpluiKUii, niMnl iIip, 
ihowlng thfi parullnLii Mib oiitAr (a, b, 

(horn WuMKinkl, tltei Vui BmIm.) 

the parasite grows until it distends the fibre to five or even ten 
times its normal breadth, absorbing the contractile substance as it 
does BO. Finally, it is surrounded only by the earcolemma and 

' Th« eiception* tn SareoTgitu ptalydactyli, detcribod by B«rtnm from th« 
IddkIm of the R«ka, Platydattylu* vuMrilanimi, 4sd ■ iprclu obmrrad by LUhc io 
the llurd Lacerla mumtU. 

• Tor the reconled cues of S«rc(Mporidio>iii Id m«n, nee Smith [121], p. 1, md 
Viiillemln [122]. ].. 11S3. 
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sarcoplasm, the latter having greatly increased in amount, its 
nuclei multiplying by direct division (Laveran and Mesnil [119]). 
The parasite then passes from the substance of the muscle into 
the adjacent connective tissue, still surrounded, however, by a 
secondary coat derived from the muscle-fibre, in which the nuclei 
disappear. Thus the parasite is found under two phases, which 
have been given distinctive names under the impression that they 
represent distinct genera, the first lodged in the muscles (MescAma), 
the second in the connective tissue (BaMamML), 

In the second phase the parasite rounds itself off more, and 
the tissues of the host form an adventitious cyst round it. The 
cysts are conspicuous objects, often reaching a length of 16 mm. 
in the sheep, while in the roebuck (Ctrwa capreolus) cysts of 
50 mm. in length have been observed. Within the cyst are formed 
vast numbers of minute germs (Fig. 1 20), either true spores or the 
so-called " Rainey's corpuscles " (see below). The cysts are observed 
to degenerate in some cases, their adventitious walls becoming 
calcified, as the result of a defensive process on the part of the 
host. Probably these are cysts containing spores, which can only 
develop in another host. In other cases, the cysts burst and 
spread their contents in the surrounding tissues, destroying the 
muscles and producing tumours and abcesses within which the 
parasite is found in the condition of "diffuse infiltration," like 
many Myxosporidian parasites. It is in this stage that the con- 
sequences may be dangerous or fatal to the host. The symptoms of 
Sarcosporidiosis in the pig are ** paralysis of the hinder extremities, 
a skin-eruption, and general symptoms of sickness, such as thirst, 
increased body -temperature, and dim, streaming eyes."^ The 
disease is sometimes the cause of fatal epidemics amongst domestic 
animals, especially sheep. In the mouse also Sarcocystis mwris is 
a very deadly parasite. Mice attacked by it are distinguished 
by their puffy, bloated appearance (Koch [118]), and are soon killed 
by it. 

Many observations tend to show that the dangerous effects of 
the Sarcosporidian parasites are not caused merely by the dis- 
turbances which they set up .in the tissues of the host, but are 
due to an active poison secreted by the parasite itself. The 
indefatigable French naturalists, Laveran and Mesnil [120], 
have succeeded in isolating the toxin of the Sarcosporidian 
parasite of the sheep, and have named it sarcocystin. This 
substance is found to be extremely toxic to the experimental 
rabbit, since a demimilligramme of the fresh extract, containing 
^ milligramme of solid matter, kills one kilogramme of rabbit, 

^ Qaoted from Wwielewski [7], from whom many other facta stated here are 
taken. The akin -eruption has an interesting parallel in the Myxosporidian disease 
of the barbel (see p. 278). 
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with BymptomB like cholera, in a very ihort time; in a feebler 
dose it produces a cachexy which niually ends fatally. In other 
animals the action of sarcocystin is more feeble and transitory in 
its effects. 

As regards the origin of SarcoBporidioeis, or the manner in 
which it spreads, nothing can be said definitely at present, bat 
it is possible to put forward a few more or less probable surmise*, 
which will be found below (p. 308). 

(£) Morphology and Emlvtion. — The youngest examples of the 
trophozoite that have been observed 
had already attained a length of 
40 ft with a breadth of 6 ^ (Fig. 
118, a). They are found as whitish 
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Opaque bodies limited by a fine, structureless cuticle The 
protoplasm of the trophozoite is already in part segmented up 
to form a number of nucleated corpuscles or cells, which are 
evidently homologous with the primitive spheres or pansporo- 
blasts of the Myxosporidia, and may therefore receive the same 
name. 

In the next stage the parasite, still intramuscular in position, 
has increased in size and is suiTounded by two coats (Fig. 118, b). 
The outer coat, which is thick and shows a fine radial striation, 
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bM received divers interpretations. While aome obBervere regard 
the stristion ai due to the presence of fine pores or oanalicules 
traversing a clear envelope, others, amongst whom are the most 
neent investigators, Laveran and Mesnil [1 1 9], declare the striation 
to be caused by a thick fur of fine filaments, planted vertically 
to the surface of the trophosoite, and serving to attach it to the 
flbrillae of the muscle-fibres. Both these views perhaps contain 
something of the truth ; the external envelope ptobably arises 








■Ugs dmlUr 10 Fig. 1 



from a stifT, radially striated ectoplasmic layer, such as is met 
with amongst some Myxosporidia,* which, by breaking down of 
the substance between the striations, is converted into a furry 
envelope. The inner coat is formed of a thin homogeneous 
membrane, prolonged externally into the filaments, and internally 
into the system of chambers previously described. Internally to 
the two coats lies the protoplasmic body of the trophozoite, com- 
parable to the endoplasm of the Myxosporidia, and consiating 

' Compsn Mpacially Jfjouttum UJbfrh»h»ii kboTi, p. 2SI, Fig. S8. 
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almost entirely of numerous pansporoblasts (Fig. 1 1 8, 6 and c\ which 
are continually being formed at the two poles of the trophozoite. 
Between the pansporoblasts, septa or partitions extend in from 
the inner coat, isolating them from one another, so that the entire 
endoplasm has a chambered or alveolar structure, each chamber 
containing originally a single pansporoblast (Fig. 119). Towards 
the centre of the body each pansporoblast has developed into a mass 
of spores or other germs, completely filling a chamber (Fig. 1 20) ; 
towards the poles pansporoblasts or early stages in spore-formation 
are found, and the two extremities of the body are occupied by 
the two regions of proliferation, so that the parasite grows by 
forming new spores at its two ends.^ 

In the third stage the parasite is encysted in the connective 
tissue, as above described. The body -form is less elongated, 
having become more or less rounded off, and the two polar areas 
of proliferation now extend round the whole trophozoite, forming 
a peripheral zone, the external layer of the body of the parasite, 
consisting of small alveoli, containing elements in process of 
development. Internally to the zone of proliferation are found 
alveoli crammed with ripe spores, which constitute an inter- 
mediate zone. The centre of the body is occupied by a granular 
substance, derived from disintegration of the centrally placed 
spores, which having become stale and past their prime, die and 
break up. The parasite continues to grow within the cyst, new 
spores being formed towards the periphery, to replace those which 
die off towards the centre. The development of the spores has 
not been followed in detail, but the pansporoblasts have at first 
one nucleus, later several. 

The germs or reproductive bodies which arise from the pan- 
sporoblasts within the alveoli appear to be of at least two kinds, 
which may be conveniently distinguished as Mamydospores and 
gymnospores respectively. 

The chlamydospores, commonly termed *' spores" simply, are 
minute rod -like bodie% which vary in details of form and size 
in different species. In Sarcocystis ienella of the sheep (Fig. 122) 
they measure about 14 /a in length by 3 fi in breadth. One 
extremity is more rounded, the other pointed. The spore- 
membrane is very thin, and the chlamydospores themselves very 
delicate and fragile ; they are easily acted upon by reagents, 

1 Smith [121], in his recent account of the formation of gymnospores in Sarcocystis 
muriSt gives a different interpretation of the various stages. He terms " sporoblasts " 
the '* roundish or polyedral masses *' which have been homologised above with pan- 
sporoblasts, and considers that the partitions between them are not ingrowths of the 
internal wall, but are " simply the walls of the 8poroc3r8t8 in close apposition with one 
another." He regards the g^ymnoepores as sporoxoites. Smith's terminology is the 
outcome of a misleading comparison of the Sarcosporidia with the Coccidia. He does 
not seem to have seen true spores. 
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and even in distilled water they swell up and become globu- 
lar. The pointed extremity of the chlamydospore 
is occupied by a clear space, about 5-6 ^ in length, 
in which a delicate spiral striation can be seen in 
the fresh condition. The rounded end of the spore 
is almost filled by a large oval nucleus, containing a 
distinct nuclear corpuscle. The median portion of 
the spore is occupied by protoplasm with coarse 
granules. All the chlamydoBpores have the same 
structure. 

The spirally striated body situated at the pointed 
end of the chlamydospore has great resemblance to 
a polar capsule of a Myzoeporidian spore, but it 
is by no means certain how far the similarity ex- 
tendi. The most convincing proof of their similar 
nature would be the extrusion of the filament^ 
which in Myzosporidia can be brought about arti- 
ficially by a great number of reagents. It has 
been asserted by some investigators that a filament 
is extruded from the capsule of the Sarcosporidia 
also, and in support of this state- 
ment Van Eecke has published a 
figure,^ which has had the effect of 
leading competent authorities to 
doubt the fact (see Laveran and 
Mesnil [119], p. 247; Luhe [6], 
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p. 89). The allegation stands therefore in need of further 
support; the most recent investigators, Laveran and Mesnil [119], 
were unable to bring about extrusion of a filament from the 
spore. But although complete identity of structure has not been 
established, it is nevertheless extremely probable that the spirally 

striated body of the Sarcosporidian chlamydospore 
^fi is strictly homologous (t.>. homogenetic) with the 

Myxosporidian polar capsule, and is an additional 
r^^ proof of the relationship between the two groups. 

^^ The gymnospores, commonly described under 

the names of ** sporozoites " or "Rainey's cor- 
puscles," vary a good deal in size and appearance 
(Figs. 120, 121, 123). Their form has been com- 
pared in different instances to that of a bean, 
Fio. 128 kidney, crescent, sickle, or banana. In Sarcoctfstia 

aTmnocporea of mvns they are about 1 2 fi by 4 /a in dimensions, 
__.„Sepig*Bhow" ^^^ ^^ other species they may be larger than this, 
b^^eir chanffM of or much Smaller (3 or 4 /a x 1 /m). Each consists 
iMTiki, afterMaiiz.r of finely -granulated protoplasm, containing a 

nucleus, a few coarser granules, and sometimes 
one or two vacuoles. Those of Sarcocystis mwis show active 
novements when warmed up to 35**-37° C. They perform gliding 
movements on a circumference corresponding to their own curva- 
tvre, occasionally revolving also on their long axis, and thus 
producing " a boring or screw-like action " (Smith). In other 
eases they are said to become amoeboid under similar conditions. 
Both kinds of movement are probably to enable them to penetrate 
the tissues of the host.^ 






With regard to the significance of the two kinds of germs, and their 
destiny and further development, very little can be asserted definitely at 
present The whole question of the reproductive bodies of the Saroo- 
sporidia is,^ indeed, in a very confused state, and to generalise with regard 
to them is difficult, since no single observer seems to find more than on« 
kind of spore. Those who, like Laveran and Mesnil, describe spores, say 
nothing about any gymnospores ; and those who, like Smith and Koch, 
describe gymnospores, do not appear to be aware of the existence of any 
other kind of spore. It might be inferred from this that some species, 
such as Sarcocystis Unellay produce only chlamydospores, and others, such 
as S. muris, only gymnospores, but it is far more likely that both kinds 
are produced by the same parasite, sometimes the one, sometimes the 
other occurring, as the result of conditions as yet unknown. It is note- 
worthy in this connection, that S. muri^, in which only gymnospores have 

^ Besides the two kinds of germs described above, cysts have been described con- 
tainiug spermatozoon -like structures (see Wasielewski [7], p. 125), but from the 
accounts given it is difficult to form any clear idea of the nature of these bodies, 
or of their significance in the economy of the parasite. 
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been described, Ib of all species apparently the most deadlj ta its host, 
multiplying in it and overrunning the entire muscular sjstsm with 
fatal rapidity. 

It is certain that the parasites possess the power of multiplying to 
a dangerous extent in the tissues of their host, and it is still more 
certain that they are able to infect fresh hosts. From all that is known 
in other Sporozoa, it is reasonable to identify the naked gymnospores as 
the agents in the endogenous dissemination of the parasite, comparable 
functionally to the merozoites of Coccuittim, and to regard the chlamydo- 
spores as destined for the infection of fresh hosts. Experimental proof of 
these hypotheses is as yet lacking, however. The only direct evidence 
bearing upon the dissemination of these parasites is that brought forward 
by Smith [121], who found that mice may contract the infection of Sarto- 
cyttis muris if fed with the flesh of a mouse infested with the parasite. It is 
extremely improbable, however, that this is the natural mode of infection. 
It would be difficulty as Smith points out^ to account for the Sarcosporidia 
of cattle in this way. A parallel case of infection due to cannibalism has 
been described by Schaudinn for Coceidium ^see pu 221). The chief point 
of importance established by the experiments of Smith is the fact that 
infection takes place by way of the digestive tract, as in the vast majority 
of Sporozoa. In this way the close proximity of the cysts, as a rule, to 
the oesophagus and stomach receives a simple explanation. 

In Smith's experiments the gymnospores seem to have been the agsnts 
of infection, since he observed no other kind of germ, but it is probable 
that, in the natural method of cross-infection, it is the chlamydosporss 
that are concerned. This conclusion receives further support from the 
facts stated above with regard to the death and disintegration of stale 
spores and their continual replacement by others freshly formed ; a state 
of things to which a parallel exists in the Myxobolidiie and other tissue- 
infecting Myxosporidia (p. 289), and also in coelomic Qregarines. It 
may be reasonably inferred that in Sarcosporidia also the chlamydo- 
spores are not able to develop further in tiie host in which they are 
produced, but are in readiness for the moment when they can be trans- 
ferred to another animal, failing which event, they become stale and 
perish. We have no clue, however, to the manner in which the cross- 
infection by the chlamydospores is effected, and nothing but surmises can 
be put forward. 

The most remarkable feature of the chlamydospores is their extremely 
fragile nature. Unlike the very tough and hardy spores of other Sporozoa, 
those of Sarcosporidia betray a delicacy of constitution which must render 
them very unfitted to brave the elements outside the body of the host. 
For this reason many authorities ^ have expresMd the belief that some 
intermediate host is required, as in the case of the malarial parasite, to 
convey the infection from one host to another. While this is an extremely 
probable hypothesis, no facts in support of it have been as yet discovered. 
But from the position of the parasite deep in the muscles of the host^ it 
can hardly be a blood -sucking insect^ as in the case of malaria, which 

1 Waitolewiki [7], p. 116 ; LsT«rsn and ICmhU [119X p. 248. 
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spreads the infection. Three poadhilities, at leasts soggeet themaelTet in 
this connection : — 

(1) That the intermediate hoet is a hirge camiyore of some kind, c^ 
the dog, for the parasites of the pig or sheep. 

(2) That, after death of the host, the parasites are taken up by some 
carrion - feeding animal, which might be either (o) a vertebrate, bird or 
mammal ; or (6) an invertebrate, such as the blow-fly or the bcuying beetle 

(3) That the infection might be taken on by some internal parasite of 
the vertebrate host, e,g. a flat- worm or nematode. 

The third supposition is extremely unlikely. The second reoeiveii 
perhaps, some support from the extremely toxie nature of the parasites 
themselves, which would be a property acting in their interests^ by 
producing the death of the host In any case there would still remain 
the question as to how the parasites reinfect the vertebrate host It 
appears to be generally young animals that become infected, since the 
smallest trophozoite that has been described hitherto was found in a lamb 
eight months old, and it is extremely probable that the infection is by 
way of the digestive tract Possibly, therefore, in the intermediate ho^ 
the parasites form spores more resistent than those formed in the verte- 
brate host A remarkable feature of the artificial infections effected by 
Smith was the long incubation period — 40 to 60 days — which elapeed 
between the actual infection by feeding and the appearance of the parasite 
in the muscles. Evidently there is much still to be made out about these 
interesting parasites, and the field is one ripe for investigation. 

(c) Classification. — Since Blanchard's genera Miescheria and 
Balbiania denote merely stages in the life-history of the parasites, 
they have become nomina nuda^ and all Sarcosporidia are placed at 
present in a single genus : — 

Sareocystis, Ray Lankester, 1882, with the characters of the order. A 
great number of forms have been seen in different animals, many of which 
are probably distinct species, but only a few have received specific designa- 
tions : such are S. miucheriana (Kilhn), from the pig ; S. Undla^ Raillet, 
from the sheep ; S, platydactyli^ Bertram, from the gecko ; 8. murtSf 
Blanchard, from th^ mouse, etc. 

(d) Afiniiies. — The nearest relationship of the Sarcosporidia is 
undoubtedly with the Myxosporidia, and with the sub-order Cryp- 
tocystes (Microsporidia, Olugeidae) in particular. The affinity is 
manifested in three points more especially — (1) the spore-formation 
proceeds continuously during the whole trophic stage; (2) they 
are cell-parasites ; (3) the spores have a single polar capsule. The 
Sarcosporidia seem to be, in fact, the representatives of the Myxo- 
sporidia in warm-blooded hosts, and it is not improbable that in 
the future the two groups will be more closely united in systematic 
classifications. 
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Sporozoa Incertae Sedis. 

In addition to the five well-characterised orders of Sporozoa de- 
scribed in the foregoing pages, a certain number of forms have been 
discovered and described by various naturalists, which cannot be 
definitely inscribed in any of the above orders. To a large extent 
the uncertain position of these forms is due to the gaps existing 
in our knowledge of them. Just as certain genera, ranked in older 
treatises amongst those of doubtful affinities, have been referred, 
as the result of more extended studies, to a definite position in the 
classification of the Sporozoa — as, for instance, Karyophoffus (p. 208) 
and PiropUuma (p. 269) — so it is probable that a more accurate 
knowledge of many forms now difficult to classify will bring to 
light unmistakable relationships between them and better known 
types. Other forms, again, will perhaps turn out not to be true 
Sporozoa at all. And finally, when these two classes of organisms 
have been sifted out, there will perhaps remain a certain number 
of types which must be ranked as orders truly distinct from any 
of those described above. Provisionally, three orders may be 
recognised, besides a certain number of very doubtful types. 

Order 6. HaplosporidiA, Caullery and Mesnil.^ 

The forms comprised in this order agree in having a very simple 
developmental cycle, which in its principal features is as follows : — The 
youngest stage of the parasite is a minute rounded corpuscle with a 
single nucleus. With further growth the number of nuclei increase 
continually.' When fuU-grown the multinucleate body becomes divided 
up to form a mulberry-like maaa, or "morula," of ovoid or spherical 
spores, each with a single nucleus, and with no trace of any sort of 
internal differentiation. From each spore aiises one of the corpuscles, 
which was taken as the starting-point of the life-cycle. The following 
genera are referred to this order : — 

Oenus I. Beriramia^ C. and M., 1897, for B. eapitellae, C. and M., 
from the body-cavity of CapiUlla capitatay and for the peculiar parasitet 
occurring in the body-cavities of Rotifers,' first described by Bertram 
[116] in 1892 ; seen,^ Ck>hn ^130], by Fritsch in 1895, and named 
by him Olugea tuperoipora; named by Zacharias, in 1898, Atcotporidiwn 

^ The name of this order wis written Aploeporidia by CauUery and Memil [128, 
1291 ^t WIS corrected to Haploeporidis by Llihe [6\ tince the word is eTidenUy 
derived from dirXovt, simple, and not from dirXovi, nnseaworthy. 

* Canllery and MesnU term the moltinneleate trophocoite the plasmodinm, bat 
in the typical members of the order it has a definite body -form, and is not in any 
way amoeboid. 

* These parasites were seen and studied by the present writer when working ia 
Professor Btttschli's laboratory in Heidelberg in 1888. Extraneous circumstances 
prevented the completion of the studies upon them, and most unfortunately the 
drawings made of Uiem were lost, but some permanent preparations were kept, from 
which the figures given above are drawn. 
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from that of the maltinudear trophozoite, except that its smooth oontoun 
are exchanged for a lobalated outline (Fig. 124). According to Bertram's 
observations, the sausage -shaped morula may now break up into its 
component cells or spores, which become scattered in the body-cavity of 
its host The parasites observed by ike present writer, however, were 
seen to round themselves off and assume a spherical form, a tough cyst- 
membrane then being formed round the whole mass (Fig, 1 24,/). Bertram 
also observed cysts in a single case. As the parasites are quickly fatal to 
their host, it is highly probable that rapid endogenous multiplication is 
effected by breaking up of the sausage-shaped morula and liberation of 
the spores without encystment, and that in other cases a protective cyst 
is formed. There appears to be no difference whatever, however, in the 
spores in either case, each spore being a small rounded uninucleate cell, 
limited by a delicate membrane. The spores are set free by the death 
and disintegration of the host, and are then swallowed by other Rotifexsi 
In some way which has not been observed the spores pass from the gut 
into the body- cavity, and each becomes the starting-point of a freak 
generation of the parasite. All stages of the parasite hitherto seen are 
perfectly motionlesa 

In B. capitellae the morula becomes encysted, and the contents of the 
cyst are divided up into compartments by trabeculae extending from the 
cyst-wall, formed apparently from residual protoplasm not used up to 
form spores. The alveolar condition of the cyst may be compared with 
that seen in Sarcoeporidia. 

Qenus 2. Haplo [AplO']tporidium, Caullery et Meanil, 1899, for JBT. 
heUrocirrif C. and M., parasite of the body -cavity of Heterocirrui viriddt; 
and H, teolopliy C. and M., parasite of the intestinal epithelium and 
perivisceral sinuses of Scohplos miUUri. As in the last gesras, a smiill 
uninucleate corpuscle becomes by growth and multiplication of nuclsi tke 
fall -grown, multinucleate, but still unicellular trophosoite, m< 
100-150 fi in length by 20-30 /x in breadth. The body then 
segmented into a "morula" of uninucleate cells. In H, teolopli 
cell of the morula gives rise by further division to four uninucleate tsgoM^ 
but in H, heterocirri each segment of the morula becomes a single 
In both cases the spores are distinguished from those of the 
genus by the possession of a cap or operculum at one pole of the tcm^ 
envelope, so that the spore resembles to a certain extent a poppy- 
capsule. In sea-water the operculum opens and sets free the conti^ed 
sporoplasm. 

Qenus 3. Coelosporidium, Mesnil and Marchoux, 1897, for C ehyi^- 
colaj M. and M., from the body-cavity of Chyianu tphmericuM, A uni- 
nucleate corpuscle grows into a multinucleate, sausage -shaped body, 
80-100 fi in length by 16-20 /x in breadth, enveloped in a thick mem- 
brane, and containing centrally -placed fstty globules and refringunt 
granules. Later the protoplasm becomes divided into segments corre- 
sponding with the nuclei, and forms eventually a cyst containing numerous 
spindle-shaped uninucleate sporea In addition, the spore-formation there 
appears to be an endogenous cycle, in which the protoplasm contains no 
refringent globules. Tlie parasite castrates its host 
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eider that the true systematic position of the forms is amongst the algae, 
and their place amongst the Sporozoa is far from being assured. Within 
the last decade, however, some other genera have been described which 
are possibly related both to Amoehidiufn and to the true Sporozoa, and 
the order may be retained provisionally for a collection of genera to which 
it is difficult to assign a more definite position. The genera placed here 
are best described separately. 

Qenus 1. Amoehidium^ Cienkowsky, 1861. The forms composing this 
genus differ in their habit of life from all typical Sporozoa and from any 
species mentioned in the preceding pages, being ectoparasitic upon various 
Crustacea or aquatic insect-larvae in freshwater. They were first discovered 
by Lieberkilhn in 1856, who pointed out their affinities with "psoro- 
sperms." Five years later they were the objects of detailed investigation 
on the part of Cienkowsky, in whose opinion they were organisms of 
vegetable nature. Other species were added to the genus by later 
observers.^ A, paranttcum, Cienk., the type-species (Fig. 125), occurs on 
the branchial lamellae, antennae, carapace, etc., of Aadlus aquaticuSj 
Gammarus pulexj and various freshwater Entomostraca, and upon 
Phryganea and other aquatic insect-larvae, in the form of slender tubes 
(Fig. 125, a-e). At one extremity the organism is attached to the skin of 
the host by a disc-like expansion, and immediately above this region the 
body is slightly narrowed to form a short stalk, continued by the rest of 
the tube, which is generally cylindrical and of even calibre, but may be 
clubbed or exhibit other variations as regards external form. The wall 
of the tube is a delicate membrane, which does not give the reactions 
characteristic of cellulose. The contents of the tube consist of protoplasm, 
containing fine granules, fatty spherules, and often vacuolea The youngest 
tubes contain a single nucleus, but in older individuals the nuclei multiply 
as growth proceeds, and in full-grown tubes numerous nuclei are found 
scattered at regular intervals along the whole length of the tube (Fig. 125, 
a). The reproduction of Amoehidium is effected by two distinct methods, 
which may, however, be combined in various way& In the first place, 
the contents of the multinucleate tube may be divided up by oblique 
partitions passing between the nuclei, into as many uninucleate segments 
or daughter -tubes as there were nuclei originally (Fig. 125, c). Each 
daughter-tube (Fig. 125, 6) may then grow into a multinucleate Amoebidiwn 
again. In the second place, the whole contents of the multinucleate tubular 
body, or of the uninucleate daughter -tubes either before or after they 
have left the mother-tube, may become segmented along cleavage planes 
running in various directions, into a number of uninucleate amoeboid 
spores (Fig. 125, d, «), which soon begin to move about within the tube, 
and finally escape from it at one point or another. The amoebulae or 
" zoospores '' (Fig. 125, f-h) thus liberated creep about for a time, but do 
not appear to feed, and have no contractile vacuole. After a time, each 
amoebula comes to rest, assuming first a spherical form, with one or two 
large vacuoles internally, then it becomes oval and forms a cyst (Fig. 125, t-k). 
In the warmer season of the year cysts are formed with a thin wall, within 

^ For references to the literature of the genus, see BUtschli [1], pp, 611-614, and 
Labb^ [4], pp. 122, 128. 
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wUek tlie pNtoplMmie ooutoite dinde up in « few Any to foim a 
Bumbar of cjlindric&l gemu, KMmbling iporoaoiUi (Fig. 185, k,t). In 
tlw winter cjata hzv fomed with a toogk enTtlope, the eontentJ of whiah 
muin dormuit antil tlie tpring mnd then emerge. The contanta of aaeh 




JwMllilmi psruiHmit, Cimk., plius of U» drrtlomtiital btsI*. ■, fallfrewa tnk) 
Bam««u nncM (■) ; t, jonu toM with ■ ilntf* ■ncwu ; t, t. tab* dlildad np bf ol 
BuUtlMU iDto diD(hUr-tDbs ; i, ■ take divldid dp br truuTBH ud loofltodlMd elM 
iBto uiaabDlu, on* ot vhlEh (hO I* MM nnlnf Don U - *'-'-' - - -•-•-- — — •-•-- 
aatiat MnogbuUa ; /. i, t, tn* unabolas ; i, u *i>M4l>~ 
Ibcn, wltli ■ lug* neool* ; L tba tOfm hH bMXiBH onl and 
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neh eyit, after libantion, may either become a jonag AmoMdium at 
onoe or omj divide into two small AiM^tidia, or mM.j utidargo the «SM 
darelopinent u the thin-walled itunmer-cTita (Tig; 116, m-^ laeh of 
the ^oroioitM, ai tha^ mij be termed, formed within the cyM beeomM 
a jouig AmoMH^m whan liberated. 
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QenuB 2. SiedUcktay CauUery and Mesnil, 1898, for S. nematoida^ 
C and IL, parasitic in the digettive tract of Scoloplo$ miUleri and Aricia 
ItUrnlleL It occnn as a minute, worm-like creature (Fig. 1 26), attached bj 
one extremity, termed proximal, to a cell of the intestinal epithelium. 
The bodj hangs firee in the lumen of the gut^ and performs yarious 
movaments of torsion and flexion. Sometimes individuals are found 
unattached and progressing freely. The youngest stages are spindle- 
shaped and slightly curved, resembling sporozoites, with one or two nuclei 
(Fig. 126, a). As they grow in length the nuclei increase in number, 
keeping at first in single file (Fig. 126, b-d), but later forming several rows 
at the diBtal extremity of the body (Fig. 126, e). The full-sized parasite is 





Fio. 1«6. 

PhMM of the life-e jcle of SUdUekia ntnuUoides, CanU. and If «tn. (pftr. Stoloplot miilUH, et&X 
«, youiff tUce* with two naelei ; 6, e, tf, oldw itaMt, ^th nuclei (n) itill in single file; in d 
■one of the nuclei are commencing to elongate m a transyene direction ; §, fkill-grown iii- 
dlTldual, with venr numeroua nuclei ; /, multinucleate epheree cut off tnm the aiital extremitj 
of a pansite tuch as shown at e ; in a the sphere is commencing to grow into a vermifona 
aUdUckia. (Alter CauUery and If esniL) 

about 160 fi in length and continues to elongate, but as it does so, small 
spherical segments, containing a variable number of nuclei, are constricted 
off from the distal extremity and detached (Fig. 126,/, g). Each of these 
becomes a young Siedleckick No other method of reproduction has been 
observed.^ The facts upon which to form a judgment with regard to the 
affinities of SiedUekia are therefore somewhat scanty. Labb4 [130c] con- 
siders it allied to the Mesozoa, but it is difficult to see why. The general 
habitui of the animal is more like a Gregarine than anything else, and 
Caullery and Mcsnil [85] have noted its rssemblanoe to the vermiform 
Qregarines, such as SeUnidium^ occurring in Annelida The general 
description of SiedUekia and its reproduction reads (at leasts to one who 
has not seen either of these forms) remarkably like the description of the 



^ It is by no means appsrent bow the multinnclsate spharsa detached as deseribs 
become the yoong forms with two or three nuclei, or whenoe the latter originate. 
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schizogony of SchizocystU given by L^ger (see above, p. 191), and it b 
▼ery possible that the true position of Siedleekia may be found eventually 
to be in or near the Schizogregarinae. To what extent it is at the same 
time allied to Amoebidium must remain an open question. 

Genus 3. Toxotporidium^ CauUery and Mesnil, 1900, for T. Mbellidarum^ 
C. and M., parasite of various Sabellidae (Fabricia sabeHa, Oria armandi^ 
Amphiglena mediterranean Jaemineira eUgans^ and Myxieola dinardentii). 
This form may opnveniently be considered in connection with Siedleekia^ 
although its affinities are extremely doubtful Its discoverers approximate 
it provisionally to the ooelomic Qregarines. It occurs in the form of 
motionless crescents lodged principally in the phagocytic cells of the body- 
cavity of the host Each crescent has a nucleus containing two laige 
crescent-shaped karyosomes. In the same hosts the intestinal epithelium 
contains "groups of spherules, which are perhaps the phase of endogenous 
multiplication of these parasites," the spherules being supposed to fa]l into 
the peri-intestinal blood-sinus and develop into the crescents. No other 
stages are known. 

Gknus 4. Joyeuxella, Brasil, 1902, for J, toxoidesy Braa, parasite of the 
intestinal epithelium of Lagis kareni. The youngest stage of the parasite 
is a crescent-shaped intracellular body containing a nucleus with a laige 
karyosome, and near the nucleus a small body resembling a micronucleus, 
and sometimes also another one further off. With further growth the 
nucleus multiplies, and the full-grown crescents have very numerous small 
nuclei The body then divides up into numerous small elements. The 
further development has not been followed, but the epithelium of the 
same hosts also cor tains bodies resembling cysts of microgametea Brasil 
considers that this form has some points of resemblance to Chnoepora^ 
SeUnidium, and Toxoeporidium ; to Siedleekia^ from which it differs in 
form, immobility, and intracellular habitat ; but that on the whole it 
shows more affinities with Coccidia than with Qregarinea 

Qenus 6. EoMtpwridium^ Sand, 1898, for E, tyiaWnum, Sand, an 
ectoparasite observed, in a single instance, on the leg of a marine Acarus 
at Rosooff. The parasite has a general resemblance to Amoebidium^ being 
attached by one extremity of the cylindrical body, which becomes slightly 
narrower towards the free distal extremity. The dimensions given are 
193 /x in length by 23 /x in breadth at the fixed extremity, 17 /ui at the 
free end. The body is limited by a distinct membrane, within which the 
protoplasm is divisible into (1) an ectoplasmic layer resembling that of 
Qregarines, dear and free from coarse granulations ; (2) a granular endo- 
plasm containing six nuclei disposed in a longitudinal series. Two kinds 
of movements were observed — flexions, followed by sudden straightenings, 
of the whole body, and slow torsions of the free extremity. Sand con- 
siders this organism to be a Sporozoon, allied to Amoebidium, 

The following genera are of quite uncertain position amongst the 
Sporozoa, if indeed they are Sporozoa at all : — 

Metchnikovella, Caullery and Mesnil, 1897, for certain minute para- 
sites infesting the endoplasm of certain Qregarinea The first phase of 
the parasite is a number of small nucleated corpuscles lodged in a vacuole 
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of the endoplaam ; the corpusclee multiply by fiflsion, forming Strepto- 
coccus-like bands, which spread through the host ; finally, fusiform cysts 
are formed, arranged with their long axis parallel to that of the Qrcgarine, 
and containing a number of nucleated corpuscles. The fusiform bodies 
probably represent the resistent phase which serves to infect freeh hostSi 
The type is Af. wgionU^ C. and M., from QrtqarinA (J^oVp'hahd.vM^ Ming. « 
Mtnidiwrn,^ Giard X) ipionis^ Kolliker, parasite of ^[no mariinentis. Other 
species are known from the Qregarines of other Annelids. 

HyaloioecuM, Kepp^ne, 1899, for H. eeratiif Eepp., a parasite of 
various Dinoflagellata. As it is described by its disooyerer in the Russian 
language, the reader anxious for further information is referred to the 
original memoir [1306]. 

RKaphtdoq>oraf Uger^ 1900, for R, U danUei^ Ug.f parasite of the 
intestinal cells of Olocrates gibhus. Specimens of th^s beetle, which belongs 
to the family Tenebrionidae, are found, in which the epithelial cells of the 
mesenteron are filled with rods resembling the rhaphides of plants, lodged 
in vacuoles and arranged parallel to the axis of the celL Each rod is 
about 14 fi in length by 1*5 fi in breadth, and consists of a fine membrane 
enclosing deeply-staining filiform elements, which apparently are four in 
number, each with a chromatin granule. The filiform elements become 
liberated and appear to multiply by transverse fiflsion, but ultimately 
they grow into rods, each at first consisting of finely granular protoplasm 
and a nucleus containing a few chromatin granules. Each such body 
then surrounds itself with a membrane, and its contents break up into 
filiform elementa All stages of the parasite are capable of active move- 
menta The rods are probably the agents by which new hosts are infected, 
through being swallowed wiUi the food. 

ChyUridiopiiSj Aim^ Schneider, 1884, for C. soeitM, A. S., intracellular 
parasite of the intestinal epithelium of Blap$ mortitaga ; sometimes occur- 
ring also within the Qregarine, Stylorhynch%L$ longicollisy found in the 
same host The youngest stage of the parasite is a small spherical proto- 
plasmic body, which, according to Schneider, ia without a nucleus, but it 
seems more probable, even from Schneider's figures, that it has numerous 
small nucleL The parasite grows to a certain size and then becomes 
encysted. Within the tough, doubly-contoured cyst-envelope a zone of 
cortical granular protoplasm is separated off, and within this cortical zone, 
which appears to represent residual protoplasm, the body of the parasite 
divides up into a great number of simple spherical spores, about 1*5 /a in 
diameter and quite undifferentiated, forming a Bolid mulberry -like mass 
occupying the centre of the cyst By its spores and general appearance 
Chyttidiopsit seems to approach very nearly to the Haplosporidia. 

Chitonicium, Plate, 1898, for C, nmpUa^ Plate, parasite of the mantle- 
cavity and the epithelium of the mantle groove, foot, and gills of lichno' 
Mtcn minator, uid infecting also less abundantly Chaetoplewra peruviana 
and other chitons of ChilL It occurs as little oval or spherical cells, 
each with a distinct nucleus and cell-membrane, which multiply actively 
by direct amitotic division in the epithelial cells, causing great destruc- 
tion amongst them. The parasites are also found free in the mantle- 
cavity, and multiply in this situation, where Plate thinks it possible that 
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thejr may infect the eggi and embrjoe of the hoet» in which the mantle- 
earity acta at a brood-pooch. No other stages of the parasite have been 
obserred, since the spindle-shaped yarietj first described by Plate haa 
been found by him, on renewed investigation, to be in reality a patho- 
logically modified form of the nuclei of the supporting cells of the muooua 
frUla Since no method of sporulation has been shown to occur, this 
parasite cannot as yet be enrolled amongst the Sporozoa. 

Karyamo^^ Qiglio-Toe, 1900, for K, rmiij Q.-T., an intranuclear 
parasite (7) of the renal epithelium of Mm deeumanus, 

NematopiiSf A. Schneider, 1892, for N, sp., parasite of the connective- 
ti»ue cells of the mantle of Solen vagina. A single host-cell may contain 
one, two, or three cysts, in each of which is lodged a little coiled-np 
animiilcule, resembling a tiny Nematode, but consisting apparently of a 
single cell with one nucleus. 

Schewiakoff, in 1893 [135], described, but without naming theniy 
certain " entoparasitic tubes " (Schlauche) occurring in Cyclopidtu {Oycl€p$ 
and Diaptomui spp.)} where they had been discovered by SchmeiL Then 
parasites occur as aiuoebae, free in all parts of the body-cavity (haemocoele) 
of the host The amoebae (Fig. 127, a, 6) vary in size from about 7 fi in 
length by 3 fi in breadth, to 20 fi by 6 fi ; they send out lobose peendo* 
podia, and poeseas each a vesicular nucleus and a eoniracliU vtteuoU^ a 
point in which they differ from all known Sporozoa. The contractiooa 
of the vacuole take place at intervals of about 30 seconda The amoebae 
creep over the epithelial cells and the muscles ; and they were obs er ved 
to fuse with one another to form plasmodia (Fig. 127, ^ », j), varying in 
size according to the number of individuals thus imited. Since sometinMa 
Plasmodia formed of two or three amoebae were observed later to contain 
only a single nucleus, it is highly probable that nuclear fusion also takea 
place in them. After a certain time encystment takes place, either of 
single amoebae or of plasmodia. In the former case the cysts are 
spherical (Fig. 127, c, d), containing one nucleus, and the contractile 
vacuole, which is visible for some time, its pulsations becoming slower. 
The cyst -membrane has a double contour. The nucleus now beoomea 
divided up (Fig. 127, tX <^<1 ^® protoplssm becomes centred round the 
daughter-nuclei to form oval spores (Fig. 127, /, g). The plasmodia 
beooue encysted in a similar manner, but the cysts fonned by them are 
larger and oval in form, and the breaking up of the nudeoa and oilier 
pcirparations for spore-formation may take plaee while the plaamodia are 
sUU free (Fig. 127, j^ k^ fy. The spores are fonned ptogies ri vdy in 
Ihi^ cv9ls ; a cyst fonMd from a single amoeba was observed to «^*Mm^ 
iu about ten honra after the division of the nuclei was cemplele, ax 
«y^Mree imbedded in protoplasm containing numeroos free nuclei ; twenty- 
liiH^r Vours later the number of spores was doubled, with undiilerentiatod 
yml'iflmm and free nuclei still preient in the cyst ; and after another 
I^^VM^nr honia the cysl was entire^ filled by sporas. with no residnsl 
V>Jiv».*^>»iMa vMT nndei The spoi«-fensation in plssmodial cy^ta took 
^Wi» i^ a sunUar mnnner. Each sfmre ariaes sa a cvwMiensatioB of tke 
y^vWy^MiM ^^lUkd a frto nndaos, anij||mia% fomed i» an oval or 
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peu-Bhiped bod}r, 3-3 to 4 ;i ia length, itcongl^ refringent and perfectljr 
l^lina in appearance, limited extemally by a thin pellicle, and oon- 
taining a single nuelena at the broader end. The remarkable bet waa 




observed that the aporee mnltiply by fiasion in the cyst, tbeii ttndst 
dividing by a process of karyokinesia which Schcwiakoff haa studied and 
figured in all its details, and which ia followed by an obliqne divisioii of 
the whole spore (Fig. 187, m-g). Beeidea aporea dividing in this way, 
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Schewiakoff found others attached in couples by their anterior extiemitiM^ 
and then frequently showing peculiarities in their nuclei which led him 
to suspect that conjugation may also take place between sporea^ bat lie 
was unable to confirm the existence of any such processL The spora 
are set free by bursting of the cysts and are to be found sticking to IIm 
muscles, but their further development was not followed, and it ii not 
known how the Cyclops becomes infected with them. 

As regards the systematic position of these interesting pamitei^ 
Schewiakoff thinks that *' they should, without doubt, be placed amoogii 
the Sporozoa." If so, however, they differ from all known SporozoSi fint 
in the possession of a contractile vacuole in the trophic stage, seoondlj 
in their tendency to form plasmodia, and thirdly in the power of 
multiplication by fission possessed by the spores. They have indeed a 
certain superficial resemblance to the species of HUlohania which aie 
also parasitic on the muscles of Crustacea, but they differ horn aD 
Myxosporidia in the simple, undifferentiated character of the spora^ 
a feature in which they resemble the Haplo8poridi& If the SpOToma 
affinities of these parasites are, as they seem to be, undeniable, then they 
must be regarded as quite the most primitive members of the groap^ 
linking the Sporozoa in an unmistakable manner to the true Rhiaopoda* 

The systematic enumeration of the Sporozoa would not be complete 
without mention of the very numerous forms of supposed 
described from various human diseases. A Hst of these doubtful oi 
with full bibliographical references, will be found in Labb^ ([4] ppc 1S9- 
132), under the title ^ PSeudo-cocddies," and a bibliography, complete up 
to 1899, is given by HagenmtQler [3]. In the great majority of rsncB, 
if not in all, it is very doubtful if these bodies are parasitic oiganiami 
at all, so that to refer them definitely to the Sporozoa, and even to the 
Coocidia, as is commonly done, is in the highest degree premature. It 
is especially round the alleged parasites of cancer that the dispute 
been hottest The natural eageineas to fathom the causes of Uie 
terrible of human diseases has produced a flood of literature in which the 
** discovery ** of a parasite, and in many cases of a Sporozoan parasite, hm 
been affirmed with complete confidence many times over. But althoQ^ 
Korotnef in 1893 gave a complete description of the cancer-parasite in 
all phases of its life-history, under the name RKopaloc€pkalu$ earemo^ 
matasusy the opinion has l>een steadily growing, and is now held bj 
alnuist all zoological experts who have looked into the matter, that tike 
lx)dies which revealed themselves to Korolnef and others as canoer-panaitea 
are nothing more than cell>enclosures of various kinds, either degenera- 
tions of structures normal to the cell« such as nuclei, ^* Xebenkeme," etc, or 
products of abnormal cell-metaboUsm, supplemented perhaps by lenoocjtei 
and other cells in various states of disedised activity and degeneration. 
Recent expressions of zoological opinion ha%^ therefore been sceptical 
to>A*axvis the parasitic theory of cancer, relegating the parasites to the 
n^alm of fable, or at least pronouncing decisively ag-dius: their alleged 
lVu<.vKvan natunf (dee Doflein [±a\ pp. S-11 ; Schaudinn [51a^ pp. 405- 
40S>. 
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Beoentlj, however, the panntic theory has been revived bj Feinbexg^^ 
who aflserte that in aeetions of yoong growing canoerons tumours, before 
the cells have b^gon to degenerate, there are to be found, bid^m the 
proliferating tissoe-oella, structures consisting of a membrane enveloping 
a protoplasmic body containing a nuclear corpuscle. Feinberg considen 
that these bodies are intrusive organisms totally distinct from the tissue- 
cells and their enclosures and products, and from his comparative studies 
upon the structure of the nuclei in various animal and vegetable tissues 
or unicellular organisms, he is further of the opinion that these parasites 
are indubitable Protozoa. The parasitic theory of cancer is therefore by 
no means dead yet ; but the Sporosoan nature of the alleged parasites is 
fast from being proved. 

Thb AmNiTiss AND Phtlogint of the Sporozoa. 

In recent times no zoologist has called in question the position 
universally assigned to the Sporozoa amongst the Protozoa. The 
attempts that have been made to establish kinship for them outside 
this sub-kingdom can scarcely be said to belong to modem zoology. 
The question remains, however, to which of the other classes of 
Protozoa the Sporozoa are most nearly allied. Assuming, as every 
evolutionist must, that all parasites are descended from free-living, 
non -parasitic ancestors, the problem that presents itself is to 
determine as far as possible the nature and affinities of the 
ancestral Sporozoa and their relationship to the three remaining 
elasses of Protozoa — the Rhizopoda, Mastigophora, and Infusoria 
respectively. It may be said at once, however, that the Infusoria 
(CUiata and Suctoria) need not be considered in this connection, 
since the Sporozoa exhibit no characteristics linking them specially 
to this very well^efined group. 

Two rival theories of Sporozoan ancestry have been put forward 
by competent authorities — the one claiming for them descent from 
the Rhizopoda, the other from the Mastigophora. In considering 
these opposing views, it should be borne in mind at the outset 
that the Rhizopoda and Mastigophora are two* classes which are 
connected bji; many links, and may be said almost to merge into 
one another at certain points; Many Rhizopoda have swarm- 
spores, or other stages in their life-cycle, which are flagellated ; 
many Mastigophora, on the other hand, are amoeboid. Such forma 
as MofAxgamoeba can only be distinguished from true Rhizopoda 
by the retention of a flagellum in the free stages of the life-cycle ; 
were the flagellum lost, when adult, as in other cases, the organism 
would be clMsed as a Rhizopod. The distinction between the two 
classes is, therefore, somewhat arbitrary and artificial when the 

^ ** Znr Lthro des Ckwebet und dor Unsche dor Kr«b«g«iohwtiUU»" LmtUfM mti. 
WodUntekrift, UTiii (1902), No. 11 ; snd other memoin. 

SI 
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lowest members of them are taken into consideration. But the 
forms further from the boundary-line, in each class, are distinct 
enough, and if a typical member of either group be selected, such 
as Amoeba for Rhizopoda, and Euglena, or some similar form, for 
Mastigophora, we are confronted by two sharply contrasted types. 
It would indeed simplify the comprehension of the two theories of 
Sporozoan ancestry if they were termed the hypotheses of the 
amoeboid and the euglenoid ancestry respectively. 

Biitschli in his great work on the Protozoa ([1], p. 807) ad- 
vanced the theory of the euglenoid ancestry. Given a typical 
Flagellate which became adapted first to a saprophytic, and then 
to a parasitic mode of life, it woidd tend as the result of parasitism 
to become simplified in characters and to lose all special organs of 
locomotion, nutrition, and sensation. An Euglena or AsUuUi^ 
deprived in this way of flagellum, mouth, chromatophores, stigma, 
and vacuoles, nutritive or contractile, woidd be practically india- 
tinguishable from a simple Oregarine. Considered generally, the 
body-form, cuticle, and contractile elements of the Gregarines art 
very similar to those of the typical Flagellata, and the resemblance 
of the "euglenoid" movements of Gregarines to those of "metabolic" 
Flagellata has already been pointed out. The same is true also of 
the motile stages of other Telosporidia; for example, the sporozoites 
and merozoites of the Coccidia, the ookinete or " vermiculus '' of 
the malarial parasites, and the free haemogregarines of the Haemo- 
sporea. Since Biitschli wrote, the discovery of flagellated stages 
in many Telosporidia has given additional support to the Flagellate 
theory, and has caused Wasielewski to pronounce in favour of it. 

The theory of the euglenoid ancestry of the Sporozoa is, in 
fact, based chiefly on certain characteristic features peculiar to the 
Gregarinida and other Telosporidia; but when the attempt is 
made to extend this hypothesis to the Neosporidia, the case is very 
different. It must be admitted at once that the Neosporidia have no 
euglenoid phases, and that the general f acies of the group is strongly 
Rhizopod-like, as pointed out by Doflein [100] and other investi- 
gators. No Neosporidia are known to have flagella at any period 
of their life-cycle, and, with the possible exception of the gymno- 
spores of Sarcosporidia, none of their phases are euglenoid or 
gregar\niform. On the other hand, many of them are amoeboid, 
and have the protoplasm naked, without any sort of cuticle or 
envelope at the surface of the body, throughout the whole trophic 
period. Typical Myxosporidia can, in fact, be regarded as Rhizo- 
pods adapted to a parasitic mode of life. In their general features, 
especially in the formation of the pseudopodia, the structure 
and relations of the nuclei, and the alternation of generations, they 
resemble, as Doflein remarks, the Foraminifera most nearly, an 
indication, perhaps, of a common origin for the two groups. The 



THE SPOROZOA 313 



adaptive modifications induced by the parasitism are shown chiefly, 
as in other parasites, in the increased fertility and elaboration of 
the reproductive phases, the differentiation of the spores, and so 
forth, points in which some forms are more advanced than others, 
but in which all are 'highly specialised, as compared with free- 
living Rhizopods. 

Thus if the Telosporidia seem at first sight to afford some 
support to the theory of descent from Flagellate ancestors, the 
Neosporidia certainly do not, but exhibit most pronounced Rhixo- 
pod affinities. There is, considered from this point of view, a 
marked difference between the two subdivisions of the Sporozoa, 
and those who are greatly impressed by the euglenoid features of 
Oregarines and their allies might be tempted to postulate an 
independent origin for each sub-class, and to derive the Telosporidia 
from Flagellate, the Neosporidia from Rhizopod ancestcurs. But 
even in the Telosporidia the evidence afforded by the amoeboid 
character of the endoglobular Haemosporidia points very clearly 
to Rhizopod ancestry, and the euglenoid phases of this sub-class 
ean be explained as derived from the primitive amoeboid type of 
body in just the same way as the higher " metabolic " forms of 
Flagellata, such as Euglena or Astasia, are related to primitive 
amoeboid types, such as Mastigamoeba. 

The conclusion is, therefore, that in the present state of our 
knowledge it is simplest to regard all Sporozoa as descendants of 
Rhizopod-like ancestors, modified by the parasitism to which they 
are adapted. One immediate result of the changed conditions of 
life is that they can dispense with all special organs for ingesting 
or digesting food, since their nutriment is absorbed at the surface 
of the body. Hence many Sporozoa have acquired a permeable 
cuticle, and in consequence a fixed body -form. Such Flagellate 
characteristics as Sporozoa possess, for example the flagellated 
gametes of many Telosporidia, are found also among true Rhizo- 
poda. To complete the argument in favour of Rhizopod ancestry, 
attention may be drawn finally to the remarkable parasitic 
amoebae described by Schewiakoff {supra, p. 318), which, if they 
are really allied to the Sporozoa^ seem to prove quite conclusively 
the Rhizopod affinities of the group. 
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LIST OF SPOEOZOAN HOSTS. 

The following list is taken mainly from Labb^ [4], with addi- 
tions and corrections from works of more recent date : — 



Protozoa. 



Ceratium macroeeros . 

C. tripos and C, fu9u$ 
CeratocoryB homda 
Chlamydomonas sp. . 

OregarineSi varions, especi- 
ally Syeia inopincUa, 
MonocyBtU mitis, Sele- 
nidium spianii, etc. 

Pifidinium bipe* 



Pm dtfftfycm 
SUrUar roes$l% 

Stylobryon p$t%olcUum 

Stylorhynehui longieollis 

Folvox globator . 



XpiMoanthui gkieialii . 
Lueemaria auricula . 



Cnidaria* 
Orarian cells 



Sporozoon inc. ied. [L. 

PfeiflFer, 1896]. 
ffyalosaceus eeratii, Keppine. 



)) 



f» 



Sporozoon, ine, $ed. [L. 

Pfeiffer, 1896]. 
MeUhnikovella sp., CauU. et 

Mesn. 



Sporozoon inc, $ed. [L. 

Pfeiffer, 1896]. 
Syalosaceiu eeratiit Keppine. 
Sporozoon ine, ted, [Stein, 

1867. 
Sporozoon ine, sed, [Saville 

Kent, 1882]. 
ChytridiopHs $ociu$f Aim. 

Schn. 
Sporozoon ine, ted, [Fro- 

mentel, 1874]. 



ti 



cc 



Chiridota pellueida 

Cueumaria ptnlaeUt and C, 

planei 
Echinocardiumeordatumtnd 

E. flavueent 
Holothuria impatient , 

H, nigra ( = IT. fortkalii f) , 
H,polii . . . . 

H, iubulota 
Spatangut purpureut . 
Strongyloeentrotut lividut , 

Synapta digikUa and S, 



ECHINODIRICA. 

Blood-vessels and 

coelom 
Respiratory trees 

and coelum 
Coelom . 

Blood-vessels and 

coelom 
Blood-vessels 
Blood-vessels and 

coelom 



Coelom . 



t» 



f» 



tt 



Gregarine " [Danielssen, 

1890]. 
Ptorotpennium " luetr* 

nariae [Vallentin, 1888]. 



Cyttobia ?u>lothuriae (Ant. 

Schn. ). 
0. sp. Ifide H. M. Woodcock 

in M.S.]. 
LUhoeyttit tehneideri, Giard. 

Cyttobia tehneideri, Ming. 

C. irregularit (Minchin). 
C. tehneiderif Ming. 

C, holothuria^ (Ant. Schn.). 
LUhoeyttit tchneideri, Giaid. 
(?) Lithoeyttit tchneideri, 

Giard. 
Urotpora tynaptae (Cannot). 
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PLATTHlLMI]rTHX& 

Parenohyma. . PMf<<?pAoni tp. [Ltor, 1897}i 
Gat(f) . . Uro$pfmi ntm^Hu ijLbYL), 

. <*QreffariiM"uid**Coooidi«" 
[HaUec, 1 900]. 

. 0phio%dinad%9(»eoaidi$,mD^ 
Testes and rhab- Sporozoon inc 9§d* [kot, 

dite-cells Schneider, 1878]. 

Planaria fuica kdA P, ioTva Gut . PUuroxyga planaHtu, ILini^ 

Taenia baeillarit, T. cUnti- Parenohyma, go- PUUicjXifra helm i mikc p k' 
cvUatat and T. txpanea nads, ova ikora (Kef.)* 



BraehyeoeUum sp. 
Oanwluta sp. • 

D$ndfx>eo€lum laeUum 

Diicoeoelii ti^rina 
Mewitomum ehrtnhirgi 



ft 



»t 



NXMBBTIKL 



Amphiporui emeiatui . Gut 
BorUuna olivaeea and B. 
oeUetUata; see Linens 



gesserensu, 
Carinella annuleUa 

Bupolia delinecUa 
Lineue gtiserentie 



if 



It 



. Body-cayity . 
. Gut 



Uratpara nemertie (KdU.). 



" Monocystid Gregarine 

[Montgomery, 1898]. 
Uroepara nemertte (KolL). 



»i 



. Posterior intestine "Gregarine" [Montgomery, 

18981. 



Nemertee Mineatue ; see 

Eupolia. 

Ommatoplea sp. . . Gut 

Valencinia sp. . -it 



)98]. 
Urotpora netMriie (K511.). 

t> ti 



Atoarii lumhrieoidee . 
A, myetax . 
Echinorhynehue proteus 
Oxyuris omcUa . 



Sagitta claparedii 



NSMATHELlCnrrHBS. 

** Oregarina** sp. [Ktichen- 
meister, 1865]. 
. Gut, gonads . . Pleittophora hehnintheph^ 

thora (Kef.). 
' * Oregarina *' sp. [Hennegny, 
1884]. 
. Body-cavity . . •*(?." sp. [Walter, 1868]. 



Chaetoqnatha, 
. Body-cavity . 



A sp. .... Gut 

Spadella hipuneUUa and iS^. Body-cavity . 
eerratodenUUa 



BOTIFISA. 



Aetinurue neptunitu . 



A^lanehna priodanta and Body-cavity . 

A, sp. 
J^roMionuf ampAieeros, B» 

o(h%t B. polo, and B, 

urceolarie 



It 



*' Amoeba " pigmenii/era 

Grassi, and ^* ^. " so^itto^ 

Grassi. 
Lankeeteria lenekarti (Ming.). 
' ' Amoeba " pigmentiferOf 

Grassi, and **ArsagiUae^ 

Grassi. 



Olugea sp. (IBertramia) 

[Fritsch, 1896]. 
Bertramia aeperoepora 

(Fritsch). 



*t 



t» 
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Callidina paratUiea . 
Conochilus volwx 


Bodj-cayity . 


ffydatimi atUa . 


Stomaeh 


»i 11 . . . 


Gut 


FhilodimdM^. . 


Bodj-oftTity . 


Folyarlhra pUUypiera 
Syichtuta p^dinata, S. trg- 
mula, and S, sp. 


If * • 



BoUllua (?) sp. [Plate, 18M]. 
Birtramia tuptrotpora 

(Fritsoh). 
*'Monocif8tu" Uvdigi [Btun, 

1867]. 
BoUlltu (T) sp. [LaniMB, 

1897]. 
Bmrtramia mtp^rotporm 

(Fritseh). 



CUnodrilus ttrreUua . 
Polygordim n$apolikmu$ 



Abohiaknilida. 
Gut 



tf 



II 
11 



II 
fi 



SeUnidium sp. (ptrbapt 
eehinatum), CAM. 

'* MonocystW* foliaeta [FM- 
pont, 1887]. 



Aleiom sp. 

Aphrodite acuUata ' 
Aricia IcUrMH . 
^a« sp. 



If 



It 



A. lamarcki 
A, sp. • 



If 
II 



II 



A» UntaeUkUa 
CfapiUlla eapUaia 



II 
II 



II 
II 



CctpUellicUs giardi 

Ctrrhatulut eirrcUus . 

O, filigenu ; see AitdouMa 

Cfhfmine lumbricalit . 

Olymifulla torquaia . 

Dodicauria caneharum 



i» 



If 



F%Ualia punetiftra 
JBitniu ha rau t i . 
Fabricia aabiUa . 

Olycera sp. 

II • • • 

ffeterocirrui vMdii 

Jatminiira eUgam$ 



POLTOHABTA. 

Coelom 
Coelom, iiitMtine 

Gnt 



II 

II 

II 

II 

II 

II 
Coelom 

Gut 

II 
II 

Coelom 

Got 



II 



*i 



Coelom 



II 



Gut 
Coelom 



f» 



Gat 
Oodom, 



intestine 



Coelom 

II 
Gmt 

Coelom, intestine 



Lobianehella beloneidsi, Ming. 
Toxoaporidiwn $ab4llidmn§mt 

C. &M. 
Doliocy$tis • apkr§d4tm§ 

(Lank.). 
0Ml4€kian§fnai0id$i,O.kU. 

SiUnidium tm^lltf (LMik.). 
8. eirrhtUuli (Lank.). 
Ulivina $lliptiea, Mins. 
Uroipcra nemertii (KoU.). 
Ocnotpora terebellae (KdlL). 
O, varia, L^r. 
Syeia iiu>pinataf L^ffer. 
Seknidium sp., C. £ M. 
Aneora MogitttUa (Leuek.). 
Bertramia eapitelUu^ C. k If. 
*' Coccidies " [Caullery k 

Mesnil, 1897]. 
•* Gregarine " [CauUerj k 

MesnU, 1897]. 
SeUnidium cirr?uUuli (Lank.). 

Pterotpora maldanearum, Rae. 

k lAhU. 
" Monocystis " clynunelUu, 

Porter. 
Selenidiumeehinatunij C. k M. 
Oonospora longisnnuit C. k M. 
Urospora sp., Grarier. 
Selenidium euniccu (Lank.). 
Toxosporidium sabellidarum, 

C. A; M. 
Ceratospora mirabilitt L^ger. 
Oonospora tparsa^ L^ger. 
Haplosporidium heteroeirri, 

C. AM. 
Tofieofporiditfiii sabellidarum, 

C. kU. 
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Xo^ kortni 
Lioe^haliks liopygut . 

LurrUfriconereis sp. 
Myxieola dinardinns . 



Gut 
Coelom . 

Gut 

Coelom, intestine . 



yitphihyi $€olqpindroid€$ . Gut 



• • • 



N$r$u beaticoudrayi and N. 

euUri/era 
Nerine sp. . 
NoiOTnastui lifuaius . 

Oria armandi 

Pkyllodou sp. 

Polydora agasiizi 
P. eoeca 
P.Jlava 

Polymnia nebulosa 
PomcUoceroi triqueUr . 
Pygoipio seticomU 



11 



ti 



BhYnehoholuB americcmui 
Bhynchonerella /ulg$n$ 



• • 



Sabella spp. 
Scololepis fuliginosa . 



It 



II 



II 



II 



Mtoloplot mUlUri 



II 
II 
II 

II 



II 
II 
II 

II 



fi II 



II 



II 



. . 



S^rpula contortuplicata 
Spio fuliginoauB . 
S. martinensis . 



Intestine (?) . 

Coelom, intestine . 

Coelom. 
Gut 

11 • 
Intestine (T) 

Testis . 
Gut 
Intestine (?) 

Gut 

• • » 

Gut 

II 

If • 

II 
Epidermis 
Gut 

II 

II 
Coelom . 

II • 



Gut 



$ • 



• • 



Stav/roeephcUut rudolphii 

TeUpsavui eostarum . 
Ttr%h€lla sp. . . . 



II 
II 

II 
II 

II 
II 



Joyetueella toxoides, Brasil. 
PUrospora malianearum^ 

Racov. k Labb^ 
DoliocysiU tUmgcUa (Ming.). 
Toxosporidium BobeUidaruMf 

akU. 
Doliocystii htUrouphaia 

(Mine.). 
D, pelluMa {Yi:6\\,), 

Selinidium pendula, Giard. 
<* Coccidies '^ [CauUery k Mes- 

nil, 1899]. 
Toxosporidium sttbellidarufn, 

C k M. 
Oonospora aparsa, JAger, 
SeUnuHum sp. [ClapuMe, 

1861]. 
Dolioq/8ti$ polydorae, Ldger. 
SeUnidium sp., C. k M. 
< * (Coccidies " [CauUery k Mes- 

nil, 1897]. 
Caryotropha metniliit Siedl. 
Sel^idium sp., C. k M. 
' ' (Coccidies " [CauUery k Mes- 

nil, 1899]. 
Selenidium sp., C. k M. 
** Ghregarina sp. [Porter, 

1897]. 
Selenidium annulatum 

(Greetr.). 
Selenidium sabellc^ (Lank.). 
Dolioeyetie sp. 
Selenidium sp. 
Olugea laverani, C. k M. 
Coccidian sp. 
Selenidium sp. 
Siedleehia nematoideSt C. k M. 
ffaplosporidium ecolopli, 

C. k M. 
Olugea laverani, C. k M. 
Selenidium eerpuUie (Lank.). 
S, tpianie (KolL). 
<'0>ccidie8 " [CauUery k Mes- 

nil, 1899]. 
Selenidium spianis (KoU.). 
Kdllikerella staurocephali 

(Ming.). 
Oonospora terebellae (KolL). 



II 



II 



AlMobcphora UrreitriM 

CUUllio sp. 
Didiehopui aUvestrit . 



OUQOOHAETA. 

. Vesiculae seminales Monocystis lumbrici (Henle); 

Hi. tnagna^ Schmidt ; 

M. pilosa, Cu^n. ; and 3i. 

porrecta, Schmidt. 
THactinomyxon ignotum, 

Stol6. 
. Gut . Monocystis mitis, Leidy. 
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Eclipidr%lu$/r%gidu$ . 



tt 



If 



Bnehytraeus <Ubidu$, E, 
galha, and E, hegemcn 
Limnodrilut daparhdianut . 
LumJbrieui agricola 

L. hereuletu, L. olidui, L. 
rubellus, etc. 



Megcueolex amuUut 
Nais laeuttrii 
Packydril'ut p<iffeniUck«ri, 

P, umi/useus 
Periehaeta amuUa ; see 

MegoMcoUx, 
P. novaezeulandiae. 



Blood - veasela and 

xnaientery 
Vesioalae senunales 

Vesicalae aeminalefl 
and coelom 

Coelom . 

Coelom and yesicu- 
lae seminaleB 

If 



Vesiculae seminales 

• • • 

Vesiculae eeminaleB 
Coelom . • 



Ha^tnogngarina 

(Siaen). 
Spermatophagui §cUpidiHM 

(Eiaen). 
MofUKystii t/iUhftroHt KttIL 

Jiyxoeystii eiliata, MWiwk, 
Zygocy$tis comtta^ Stein. 

MfmocyatU agitUf Stein 
{^^Iwnhrici^ Henle); M, 
magna, Schmidt ; M, 
pilosa, Cn^n.; and if. 
porreeta, Schmidt. 

Ji. perichaetae (Bedd.). 

iryxo6o;ii«8p.[Biit8chli, 1882]. 

Jlonoeyttispaehydrili (Clap.). 



II 



»» 



Phoenicodrilfu ta$te 

Phreatothrix pragensii 
Psammofyctes barbatui 

Rhynchehnii obtunrostris 

TuH/ex rivtUorum ; see T, 
i'uhiftx, 

A * 9w§^^m wK • • • • 



M 



>t 



. " Coceu^tum " sp. [Baddaid, 
1888]. 
Seminal yesicles . Monocyaiia periehaUae (Bed- 

dard). 
Vesiculae seminales Spermatophagtu /rmndi 

(Eisen). 
,, Gregarine [Vejdovsky, 1876]. 

ffexaetinomyxon n9amm4h 
ryeti$, Stel6. 
Coelom. . ** UanoeyiUf'' tp. [Mengay 

1846]. 



Vesiculae seminales Uroipora aaenuridit (KdlL). 
and coelom 

Synaetinomyxon tMbiJUis, 
8to\6, 



HiRUDINEA. 

Olouiphwiia eomplanata Coecaofgut. . ** Oregarina" sp. [Bolsius, 
{ = 0. sexocukUa) , . 1895]. 

Sdementeria officinalis . Coelom and con> 

junctive tissue 

Htrpobdella atomaria , . Coeca of gut . 

Nepkelis atoinaria ; see 
Herpobdtlla. 

Piscicola geometra . Haemocoele . 



II 



II 



II 



II 



Bonellia viridis . 
Eehiurus pallasi 
SipunculiLS nudtii 
Thalaaseina sp. . 



QXPHTRKA. 



Out 

II 
Coelom . 

I) 



Ophioidina bonellia^ (Frnz. ). 
Zygosoma gibbotum (Oreeff.). 
Urospora sipuneuli (Koll.). 
Monocystis thaktssemae, Lank. 



Akyonellum fungoium 



POLYZOA. 

Sperm • cells and Glugta bryotoidei (Korotnef)* 
body-cayity 
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A$ellu$ agucUieua 
Aitaeui cutacus . 



tt 



If 



• 



Balanui improvinUf var. 

gryphiea 
B. p€rforat%k9 
B, ptiiillus and B, tirUiniut' 

Imlum 
Cancer pagurtu . 



• • 



Candona Candida 



}f 



11 



CBUSTACtA. 

Ectoparasitio 

Moaoles 

Intermofloular con- 
nective tissue 
Gut 



11 ... 
i» ... 

Out and oyarian 

appendage 
Body-cavity . 

II • • • 



Amoebidium parcuiticumf 

Oienk. 
TtUlohania con^jtani^ Henn. 
' * Psorospermium " haecktli^ 
HUgd. 
Cfregarina " sp. [Solger, 
1891]. 
yematoidei ffmformiif Ming. 
Ghregarina " balani, KolL 



II 



II 



CfmUhoeampttLi mimiius . Out 
Caprella sp. • . . „ 
Oturdnua mamaa . . „ 
Otriodaphnia ^[uadrangula . £otopanfitio 



11 



i> 



C, retieukUa 



II 



i» 



II II 



Ohydorui $phaericiLi . 



II 



II 



II 



If 



Orangon erangon 
Cychpagigas 

C maerurta 
C, phaleratus 

0» rubtni; see ZHaptainus sp. 
C, itrenuus 
(7. sp. 

II .... 

II .... 

CyprU Candida; see Can- 

dona, 
C jurini ; see C, strigcUa. 
C, ophthaXmica . 

II ... 

C, omata; see C virens, 
C punctata ; see C. oph- 

thalmica, 
Ct sp. .... 



Sctoparasitic 

Body-cavity . 
Gonads ana haemo- 

coele 
Body-cavity . 
Body -cavity, gut, 

and dorsal 

organs 
Gonads and liaemo- 

coele 
Muscles 
Body - cavity and 

fat-body 

• • • 

Body-cavity . 



Haemocoele and fat- 
body 

II 
Body-cavity . 



»» 



II 



Body-cavity 



Aggregata praemorsa (Dies.). 

Bianehardina eypricola 

(Wrsski.). 
BoUUiu parvtu, Monz. 
" Manoeyttit " laerymot Yejd. 
Aggregata caprellae (Frnz.). 
A, poHunidarum^ Frnz. 
Amoibidium moniessi^ Labb^ 
PUiitophora sp. [Fritseh, 

1895]. 
Amoebidium denkotoskianumf 

Monz. 
PleiUophora obtuta (Monz.). 
BoUllut typicus, Monz. 

PUistophora ohtusa (Monz.). 
Coelotporidium chydorieola, 
Mesn. et March. 

BoUllus typictu, Monz. 

Thdlohania giardi, Henn. 
PUistophora virguia (Monz. ). 

**Afonocy8ti8'* mobilis (Rehb.). 
Entoparasitic amoebae [Sche- 
wiakoif, 1894]. 

PleistopKora rosea (Fritsch). 
(?)P. obtusa (Monz.). 

P. virguia (Monz.). 
Entoparasitic amoebae [Sche- 
wiakoff, 1894]. 



(?) BoUllus parvuSt Monz. 
PUistophora sp. [Wierzejski, 
1890]. 



PUistophora sp. [Wierzejski, 

1890]. 
Ssronoridium cypridis, L. 
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CpprU sp 


Body-«aTity . 


0. ttrigeUa^ .... 
C, widna .... 


II • 

f • • 


fi .... 

V* wWfwnm .... 

Dapknia kakUm'ffieimi 


Body-earity . 
II • 

• • • 


D, longitpvML 

D, tneuaima .... 

D*puUx . . . . 

II ... . . 


HMmoooele . 
Hypodennit . 

II 
Body-oavity . 


D, rectirostris ; see Moina. 
D» reticulata ; see C7«rio- 

dafhnia. 
D, tima; see Simocephalua 

vetultu, 
Diaplomva graeilU 

II i» • • 

D, salinui .... 

D. Bp 

II .... 


• • • 

SctopWMitio on 
abdomen 

• • • 

• • • 

Body-cavity . 


D, vulgarii 
Dromia dromia . 
EwryureuB lanulkUus 
Oammarui locusta 


• • • 

Gat 

Sctoparaaitic 

Out 


(?. pulex .... 


1, . . . 


II M • • 


II • • • 


II II • • 
II II • • 


Muscles 
Body-cavity . 


II II • • 


Eetoparasitio 


0, puteanus ; see Niphargui 

iubterraneiu, 
fftterocope sp. . 


• • • 


Holopedium gibhirum 


Heart, haemocoele, 

gut 
Gut . . . 
II . . . 
Ectoparasitic 


ffomarut gammarui . 
Hyalepontica 
Lathonura r$tiiros$rit 


Limnetis sp. . . . 
Lynuus spfiasricui ; see 

Chydarus, 
Mioina rediroatrit 

II II • • 

Nebalia serraia . 


Hypodermic cells . 

Body-oavitY . 
Gonads ana haemo- 
coele 
Gat 



Bkmehardina eyprieoia 

(Wmki.). 
S^rotporidium sp., L. Pfr. 
Plsittophora sp. [WieiMJaki, 

1890]. 
BoUllus parvus, Mona. 
S§raiporidiufn mUlUrif L. Pfr. 
PUUiophora sp. [Fritach, 

1895]. 
P. 6biu9a (Monz.). 
QvrUya tetratpora, Dofl. 
PUiUophoraeocGoid§a{Jj. Pft,), 
P, obtu$a (Monx.) ; P. (f) vm*- 

gula{iionz,), t^ndJBcUUuB 

daphniae (L. Pfir.). 



Nieaea niUoni; sea ByaU 
porUiea, 



P, eolorata (Fritsch). 
Afnoehidium numiexi, Labb^ 

PUiUopKora sehmeili (L. Pfr.). 
** MonocystU" mobilis (Rehb.). 
Entoparasitic amoebae [Sche- 

wiakoff, 1894]. 
Pleistophora sehmeili (L. Pfr.). 
Aggregaia dromiae (Fmz.). 
AmoeHdium crasmmL Kimz. 
Monocystid 0««|Karine 

[Original observation]. 
Didymophyes lougissivia, 

Sieb. 
" Greganna " sp. [L. Pfeiflfer, 

1895]. 
Thilohania mUlleri (L. Pfr.). 
Serosporidium gammari, L. 

Pfr. 
Amoebidium pardsiti€um^ 

Cienk. 



Plexstophora sp. [Fri^ and 

Vavra, in Pfeitfer. 1892]. 

P. kolopedii (Fria and Vdvra). 

Porospora gigantea (v. Ben.). 
Aggregata nicaeae (Fmz.). 
Amoebidium eienkowtki- 

anum, Monz. 
PUittophora coecoideaiL, Pfr.). 



Pleittophara obtusa (Monz). 
BoUllut typicus, Monz. 

Septate Gre^rine [Original 
observation]. 
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Nvpharg^u tuhlerrannu Gat 

Notodromoi monaeha Bodj-cavity . 



OrehuUa liitaua 



. Gut 



Pachygrapsus marmortUtu . „ 
PaUivMn tupersut and P. Moaoles 

arrcUtu 
P. reeiirotirii ; see P. aip§r$ui. 
Palaemonete$ varictnt . 
Paradotoostoma sp. 



. IfwocywHt ptUMna, Laehm. 
. BlaneMardina eyprieola 

(Wnski.). 
, (?) Didymophyii kmgiaimaf 

. Aggregata eofrformii (Dies. ). 
. TfUlohania oetotpcrci, HenxL 



ti 



. Shell and body 



PatUhea redirottrii ; see 

Lalhonura. 
Phronima sedtrUaria . 



P. ep. 

Phroniirulla sp. . 
Pinno^AfTM |»in*fii 
Pollieipu cornucopia 
P. polymenu 

PolypKcmui sp. . 



AifipAfrffia sp. . 
Simoccphalui vctulua . 

II II • 

Tppton opongioola 



P^Hpahu capcntii 



. T, maerocystis, Gurlev. 
. PUiitophora sp. [6. 

Muller, 1894]. 



Stomach 
Gut 



II 



Bodj-cavity 
Gat 



II 



Body-oayity 
Gat 



II 
II 



Sctoparasitie 

Body-cavity 
Gut 



W. 



. Callyntrochlamyt phronimaCt 
Frnz. 
'' Orcgarina " claim, Frnz. 



fi 



II 



Aggregata coelomiea, L^ser. 
Nematoide$/%ui/ormi$, Ming. 
** Oregarina*' valeUei, Nasi- 

baum. 
PUiiiophcra obtuta (Mons.)^ 
Aggregata portunidaruwi, 

Fthm, 
Zygocyetii poHwtU (Frnz. ). 

^phiMina kaockoU^ Ming. 
mocbidiwn eUnkowM' 
anum, Monz. 
PleistopKora oht%aa (Monz.). 
CallyrUrochlamys sp.[Gabrial« 
1880]. 



Omtohophora. 
. Gut . (7ri^arina sp.[Moseley, 1674]. 



Mtbiapoda. 



Cryptopt hortcnsit 
C, punetatvB . ^ . 

y. sp. ... 

Fontaria virginiemit . 

Ooophilus firruginosuB 
O, sp. ... 



OlonurU guttata and 0» 
omata .... 
O, margifuUa 
O, sp. .... 



HtmarUarium ^o&rieZw 
Julus marginatiu ; see 
Spirobolui. 



Gut 



i» 
II 



i> 



It 

II 



Malpighian tabas 

Testis . 
Gat 



II 



Daeiylopfiorus robtutui 

(l/ffer). 
KloBsia tngemina (Labb^). 
*' £imcria " trigemina 

[Uger, 1897]. 
** Orcgarina " polydumivif' 

ginionsiSt Leidy. 
Ooceidium pftifferi (Labb^). 
RKopalonia gtophili^ L^ger ; 

Coceidium sp. [L^ger, 

1897] ; Cyelospora sp. 

[Uger, 1896]. 
Ligerella nova (Aim. Saiin.). 

X. tciticuli, Ca^n. 

Onemidoipora lutea, Aim. 
Schn. ; Cyclotpora gUh 
mcrieola, Aim. Schn. 

Coceidium timondi (L&ger). 
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JuluB fmnUui 



Out 



/. $ahula9u$ and J, terruirii „ 
MhoHtu eart tmrn u 



»» 






tt 

tt 
tt 
tt 



JL, hexodut. 

L, imprei9u$ 

X. martini .... 

L, miUabili$9ikdL,]nf^muritiit9 

L.fUieomU 

PotydamuB complanaiMB 

JP« tp. . . • • 
P. wrginititm9 ; see Ponlorfo. 
/WysBMiiM lagurui 

Scoloptmdra eingukUa . 



49. ffiorgitans 
£Mcpoeryptop» $ex8pinotui , 



tt 
tt 
tt 
tt 
tt 
tt 

tt 

tt 

tt 



tt 
tt 



Scutigera foreepi 
A tp. . ' 



II 



SpiroboluM marginatui . Prorentriouliit 
AigvuUogaster graeilit . Oat 



Aehita abbrevicUa (Orthopt. ) 

AgrUm puella, Isrra 

(Neuropt.) 
Akii aeuminata and A, al- 

geriana (Coleopt.) 
^. sp. .... 



tt 



Amara euprea (Coleopt.) 
Anopheles spp. (Dipt.) 



Anthereapemyif larya(Lepi- 

dopt.) 
Anthreniu museorum, larra 

(Coleopt. ) 
Apki$ arundinis; see ffya- 

loptirut. 



HlZAPODA. 

ProTentrioulns, 

bod7-oayit7(?) 
Qnt 

Malpighian tabos . 

Out . 

Fat-body 

Out 

Stomach, haemo- 

ooele, salivary 

glands 



Oat 



'* Ongorina " JMpuiilU, 

lieidy, 
SUnopharaJnH (Franti). 
Ooeddiwn $imondi (L^r). 
AMMC^phalui dMJalrdimii^ 

Aim. Sokn. 
EeMiwmtra higpida^ Aim* 

Sohn. 
AdtUa ovota, Aim. Sohn* 
Baimmuia alpima^ Lkr. 
Oo9cidiiwn§6h¥b9rgi^ So&aiid. , 

and O, laotum {^Bam- 

imUUa laoarnHf Labb^H- 

BifMTia $eknMmri, Bttt- 

tehU). 
Eehino9porav$nirico9aflAgw, 
JBarrouiiia $chnHdwit L^r. 
B, eamUUa, JAgn. 
Behinoipora la&H, Ugn, 
Cheeidium Hmondi (L^gvr), 
Amphoroidei imMmiM 

(Wgep). 
Ditupora hydoHdea, JAgn, 

Ofsgarine [Ugn k Dnboto^ 

19001 
Ad$Ua dimidiata (Aim. 

8ohiL);FUroetphahuiuh 

hilis, Aim. Sohn. 
A. dimidiata (Aim. Schn.). 
" Chregarina" aeiinoim$ 



TrieKorhynehtapukher^ 



IdT. 
, Aim. 



(Leidy, 1889]. 
*^G. megacephala, Leidy. 

'Aorhjf 

Sohn. 

StenqpharajiUi (Franti). 
Bhopialonia geophili, L^r ; 

Coecidium hagenmiiiUri, 

linger. 



Gfngarina aeheUu - (Mfnvia* 

ta€t Leidy. 
lienospora polyaeanthOt L^g. 

Ophryocyttii franein, Aim. 

Sohn. 
SphaerorhynehuM ophioides 

(Aim. Schn.). 
AdeUa akidium, L^ger. 
Oregarina amarae, Frants. 
Laverania malariae^ Or. et 

Kel. ; PUumodium ma- 

laria€(Lay.); andP.i^wuB 

(Or. etFel.). 
Olugea sp. [Balbiani, 1882]. 

Pyxinia mmuszi, Ug. k Dab. 
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Aphodius nitidulus and A, Out 

prodromus (Coleopt.) 

^pMm«//f/era(Hyineiiopt.) Muscles 

Atida grisea (Coleopt.) . Out 



A. servilUi, 

Attaeuspemyi; see AtUherea, 
AUageniu pcllio, larva 

(Coleopt. ) 
Bibio marci, larva (Dipt ) . 
Blabera eZaranana (Orthopt.) 

Blap$ magiea (Coleopt.) 

B, tnortisaga ... 



If 



!♦ 



. Malpighian tnbes . 

. Epithelium of gut . 
Bombyx mori, larva All organs 

(Lepidopt.) 
Bratiolis cutyra {Ltpidopt,) Gut, Malpighian 

tubules, spin- 
ning glands, 
J;oziads 
, thorax, 

blood (?) 
CahpUryx virgo, larva Gut 

(Neuropt ) 
Carabus aurcUua {Ooloopt) ,, 



»i 



»f 



Body-cavity . 



C. glabrcUui 
C. woUutuM 



Gut 



If 



C7a/<^pn/ia «tt6u^ (Lepidopt) Gut, Malpighian 

tubules, spin- 
ning glands, 
gonads 

CemUmogon sp., larva Gut 
(Dipt) 

CeUmia aurala (Coleopt)* . 

Chinmomua sp., larva 
(Dipt) 

Chlaenius vettUus (Coleopt. ) , , 

ChrysofMia hatnwpUra and ,, 

C. viokuea (Coleopt) 
C, populi ; see MeUuoma. 
Coccus hesperidum 

(Homopt. ) 
** CoUopUre hydrocarUKare" . Gut 
Colymheles sp., larva ,, 

(Coleopt) 

Corynetes ruficoUis; see 

Necrobia. 
Ctenophora sp. , larva ( Dipt ). , , 



Didymophyes letiekarii, W. 

St Marshall. 
Olugea sp. [Leydig, 1868]. 
8tylorkynehu$ obUmgcUug 

(Hamm.). 
Sirmocyttii aHda$, Liger, 

Pyxinia frenzeli, L. ft M. 

Schneideria mueronatat lAg. 
FiUocephalus blaberae (Fren- 

zel). 
OphryocystUschneiderit JAgm, 
l&ylorhynchua Icngicollia, F. 

St 
OphryocyUis bUUehlii, Aim. 

Sohn. 
ChytridioptU socitM, Aim. Schn. 
Olugea bimbyeia (Nageli). 

O, oHyrae (Lntz k Splendore). 



" P^brine " [Vosseler, 1897]. 

Roplorhynehtu oligaearUhus 

(Sieb.). 
AeUnocephalus sUUtformis, 

Aim. Sohn. ; Aneyrophora 

gracilis, L^^r. 
Monocysiis Ugeri, L. F. Blan- 

chard. 
Aetinocephalus ocas. Stein. 
A, stelli/ormis. Aim. Etehn. ; 

Aneyrophora graeilia, 

linger. 
Olugea subuUs (Lutz k Splen- 

dore). 



SehizocyaHsgregarinoides, lAg» 

Ortgarina eurvata (Hamm.). 
Schneideria sp. [L^r, 1899]. 

Adinocephdlus digitatus^ Aim. 

Schn. 
Oregarina munieri (Aim. 

Schn.). 

Olugeidae [Leydig, 1854]. 

Coccidium hyalinum, ^ger. 
L4geria agilis (Aim. Schn). ; 

^neyrtjpAora tincino/a, 

L^g. 



(f) Adinocq9?uUus sp. [L^r, 
1899]. 
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^ 



CWesipp. (Dipt) 



C^^pKom pcUlidmi, larra 

(Coleopt) 
Danait eripput and D. 

gilippiu (Lepidopt.) 



ZkcUeui grinui ; 99% Piaiy' 

eUi». 
Dirmuiu Zardoriia (Coleopt) 
D, L, larva 
D. piTuviantu 
D. undukUuSt hurra 
/>. tiUgdrit (?) 
D. vulpinui 
DwMJvuM (Lepidopt) 



Stomach, baemo' Hm^mopnAitu* danUiwtkyit 

ooele, aalivary Knia«. 

glandi 

Gut . Sjpkairveytiii HiitpUx, L^yr. 

Out, MalpighiaK OhiffM trippi [errore grippi] 
tubulea, spin- (Lsti k Splendore). 

ning glanda, 
gonads 



Out 



it 
t» 



D. vanUlae, 

DimotUira Carolina 

(Orthopt) 
Doreui paralUUpiptdvi 

(Coleopt) 
Dlftiscua sp., larra (Coleopt) 
Setobia lapponica (Orthopt ) 
JSi^hemera sp., larra 

(Nenropt.) 

»» »f 

ForJleiUa auriaUaria 

(Orthopt) 
OiUtrMfoeha ntiuiria, larva 

(Lepidopt.) 
Oeotrupes tUrtorariui 

(Coleopt. ) 
OryUoialpa gryllotaipa 

(Orthopt) 
G'. ap Midgut . 



Gat, MalpighiAB, 
tnbules, spiB- 
ning glaada, 
gonads 

Gat 



i» 



I* 

it 
tt 
tt 



All organs 
Gmt 



tt 



Oryllus campi9tri$ 

(Orthopt) 
O. donusticui 



• • 



It 



vr. sp. . . • « • 

O, aylvutrU ; see Ntmohiua, 
Qyrinus natalor^ larva 

(Coleopt) 
O, sp., larva 



Hilopi ttriatui (Coleopt) 

Hoploaphala hitomk 

(Coleopt.) 



Gut 

Body-carity 
Gut 

It 
It 

tt 
tt 



l^faemia rubicula^ Hamm. 
BeUiidm /irmui (L^r). 
^xmia iryskUligera, Fmz. 
B§kfidm Unuit (L^er). 
iyyufaiii §rystallig€ra, Fnix. 
P, mftfcu/a, Hamm. 
Ohiffta junonii (Lutz k 
Splendore). 



O, ^MnUlae (Lutz k 

Splendore). 
0T9ff(Bnna lotutUucarolinae 

Leidy. 
SUphtmophora lucani (F. St). 

^nsyropAora undivoUa^ L^ger. 
Omioeyttis Unaz, Aim. Scnn. 
0r9garina granulota (A. 

Sebn.). 
OamocytUi ephemerae ( Franti). 
{=^0. franeischA. Seho.). 
Ongarina ovata, Duf. 

Oimgea bambycis (Nageli). 

Didymophyes paradcoDO, F. St 

Mirmoeyttia gryllolcUpae, 
L^ger. 

Oiugea sp. (Lutz k Splen- 
dore, 1903). 

9, sp. (Ylaoovitch, 1807). 

Ch^garina grylhrum, Cu^n., 
and G, maerocephala (A. 
Schn.) 

DipheyttU major ^ Cu6n. ; and 
D. miiufTf Cu^n. 

Oregarina davinit lAg. k Dub. 

CoryceUa armata, lAg9T. 

AdtUa iimpUx (Aim. Sehn.) ; 

^*JSHm4ria "Atrsuto, Aim. 

Schn. 
Lophoeephaltu intignii (Aim. 

Schn. ). 
Oregarina m,i€roe§pkala 
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HyalMterut arundinii 

(Homopt) 
ffydatieuM ip. (Coleopt) 

ffydrobiut ip., Urya 

(Coleopt.) 
ffydrophUua pieiua larva 

(Coleopt.) 
Eydroua caraboidsit larra 

(Coleopt) 
ff, sp. larva • 

Leeanium hesperidwn 

(Homopt.) 
Lepiima saecharina (Apt.) . 
L&elliUicUu,viiojx% njmpht 

(Nearopt.) 
Limnobia sp., larva (Dipt). 

Limnophiltu rhomlrieuB, larva 

(Neuropt ) 
Locutta Carolina ; see Disao- 

iUira, 
Lophoeampa flavo&tiea (Lepi- 

dopt) 



Lucanus parcUlelepipedus ; 

see D<ytcus, 
Maehilis cylindrica (Apt) 
MethanUes lynmnia (Lepi* 

dopt) 



MeUuoma popiUi (Coleopt) 
Mekltmiha bruniua (?) 

(Coleopt.) 
M, sp., larva . . 
Morica sp. (Coleopt.) 

Mystacidiav^, (Neuropt) 

M, sp., larva 

Necrohia rvjicollia (Coleopt. ) 
Nemcbius tUvesiris {Ortho^t) 

Nepa cinerea (Hemipt) 



Body - oavity and 

fat-body 
Gut 



»t 



It 



tt 



f » 



Body-cavity 
Gut 



II 



i> 



i t 



Gut, Malpighian 
tabules, spin- 
ning glands, 
gonads 



Gat 

Gut, Malpighian 
tubules, spin* 
ning glands, 
ffonads 



NtoxygUii aphidis, WiU. 

Bothricpaii hiatrio, Aim. 

Schn. 
ConuiUridea erinittu {L6gn), 

PhiaMdea omata (L^ger). 

Aeanihoapora pdymorpha^ 

lAgpT, 
Comttoidea eapUattu (L^r). 
Sporozobn inc aed, [Leydig, 

1853]. 
Ortgarina lagenoidsa (L^ger). 
Oaninorhynchua inonnieri, A. 

Schn. 
Birmoeyaiia polynufpha, 

L^r. 
Aneyrcphara uncinatat L^gtr. 



Olugea loplweampa^ (Lutz k 
Splendors). 



Malpigh 
Gut 



ian tabes 



II 



If 



II 



If 



II 



Body-eavitv and 

fat-body 
Gut 



Nyttdbalea p€nnaylvani€a Proventrioalas 

(Coleopt.) 
Otypua oUna (Coleopt) Gut 



II 



11 



Olocratea 

(Coleopt) 



abbraviatua 



Ryalospora ajfiniat Aim. Sohn. 
Olugea lyaimniae (Lutz k 
Splendore). 



O, sp., L. Pfr. 

Ortgarina maloUmthaa- 

brunneaet Leidy. 
Stietoaporaprovincialiat L^r. 
Oocephalua hiapanua, Aim. 

Schn. 
Ortgarina myataeidarum 

(Frantz). 
Pileocep?ialua ehinanaia, Aim. 

Schn. 
P. bergi (Fmz.). 
Ortgarina maerocephala^ A. 

Schn. 
ColtorhynchiLS Keroa (Aim. 

Schn.) 
Syncuatia mtroM/tf, Aim. 

Sohn. 
Barrouaaia omata, Aim. Schn. 

l = Mimeria nepae, Aim. 

S«hn.) 
Ortgarina phUica, Leidy. 

Adinoeephal'ua aUlliformia, 

Aim. Schn. 
*' Olugea " sp. [Frey k Leber h 

1850]. 
AdeUa aiidiumt lAgar, 
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OlocraUt giJbibm 



If 



»f 



IntMtiiua 

theUnm 
Malpighiin tubos 



Omop/iittp., larva (Coleopt.) Out 
Opairum mMUommh ,, 

(Coleopt) 
OnkmUa viUota (Apt) 
OrycUi narieomu, larra 

(Coleopt) 
Pa^lyrhinajfraUnii§(Dipt) „ 



If 
II 



epi* JShaphidoipara U 

Wgwr. 
OpkryoeyttU hagmunMm4, 

Aca$UKotpora jrilsaUi, lAg&t. 

(Hainm.). 
Ongarina podurae (L^ger). 
Didiffnopkifei giffonUa, F. 8t 



II 



fi 



. EiirmoqfMtii vnUrieemik, L%. 
Fat-body, ooimeo> Olugea gtrieta (Mens.). 
tlTe tiaiae, and 
mnicles 

Pamui sp. (Coleopt) . . „ , . . G. laueoumdmtiM (Aim. 

Schn.). 
Pcutahu comutui (Coleopt) ProYentrionlut . G. ptutalieomiUi, Leidy. 
Periplaneia amerieema Body-cafity . J)iplocyd%iBchneidsri^E.iiJU(i\. 

(Orthopt) 

Out and Malpjighian Gluffeap€nplan«Ui€(lMU9Md 



If 



If 



P. 



Out 



tabnlet 



ft 



ff 



PdrobiutmarUimut(\){Oo\9' Gat 

opt) 
Phrygamta granddt, larya ,, 

(Kenropt) 
P, rhofkbiea; aeeLimnopkUtu. 
F%ryganiidae, larrae . . Out 

Eotoparaiitio 



tf 



JPhifHognaihui sp. (Coleopt) Gnt 
FtiinuUaerampei (Hemipt) 
Pinid sp. (Lepidopt) . 



If 



Pimslia sp. (Coleopt ) 
PkUyeUiB ffriaea (Orthopt). 



f f 



Gonads . 



Spfendore). 
Or^garina hlaUaarwm 8i«b. ; 

O, blaUaeoriefUalii, TjMj, 
Gl%tg9ida4 [Sohaudinn, 1909]. 
Hyalonora rosooviaiia» Ate. 

Scnn. 
AiUmphora eUganii, hig. 



Pilecotphalui hetrU (KdU.). 
Amoebidium paroiiHatm 

Cienk. 
Didynuipkifea giganUa^ F. St 
Ortgarina BorcTf Duf. 
Glugea sp. [Lati and 

Splendors, 1908]. 
OffitoeepKalus cUgerianui, Aim. 

Scnn. 
Glugea sp. {BalUiani, 1382]. 
G, &/gsanurae (L. Pfr.). 



G. sp. [Frenxel, 1885]. 



Podura aquaUca (Apt) 
P. vUIom; see OrekmUa. 
PoecUiucupnuB; wt^Amara, 
PortKuia ehry$orrhoea (Lepi- Mid-gut 

dopt) 
Poiamanthtu sp., larra (^nads, ova, and (?) G, sp. [L. Pfeiffer, 1895} 

(Neuropt) fat-body 

PgnUU viridana ; see 

Tortrix, 
MtduviHs permmObuM Gnt . Hj/alotp(mirtduvii{fMsido\a), 

(Hemipt ) 
SkiMotTog%L» aedivui (Cole- ,, . . . BuaporafoUlaXf Aim. Schn. 

opt) 
iZ. sp., larva . . . ,, ... SUeUttpofu provineialia, Mg-; 

AeUnoeej^uUtu jfiMi- 
formis, Aim. Schn. 
J8Ayoeop%i2» spw, larva ,, . . . Adircphora mueronatOt hig, 

(Neuropt.) 
8ar€ophagaearnaria(DipL) Head, thorax, " PH&tmm " [Yosseler, 1897]. 

blood (?) 
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SeaTaJb€uu$ relidtu (t), Iatt* Out 

(Goleopt) 
Scaurus trittis (Goleopt.) . Malpighian tabos . 
Sdara nUidieoUiit larr* Out 

(Dipt) 
S^rieottatna sp. lairs 

(Kemopt.) 



fi 



JSilpka laefrigcUa (Goleopt.) 

S. ikoraeiea, larra 
SimuUum onuUum, larra 

(Dipt.) 
SmifUhunu sp. (Apt.) 
Sphingonolus Bp. (Orthopt.) 
Siaphyliniu oUnt ; 

OqfyuioUm, 
SttUifn unieolor (Goleopt.) 



ff 



i> 



i» 



f I 



t* 



»t 



Tani/put sp., Isnrs (Dipt) 
TmtSrio molUor (Goleopt.) 



Mslpighisn tabes 
Gut 



If 



n 



T, m,, larva 



ti 



Mslpi^^kian tabes 
Gat 



«» 



It 



Tfmuiflav^Mi (Nearopt) 
l%ananmut formieariuSf 

Isnrs (Goleopt ) 
Timareha Unebnco$a (C>>le- 

opt) 
Tmeola hi$$llUlla (Lepi- Body-csvity . 

dopt) 
Tipuia oUraeia (Dipt,) . Gat 
T. sp., larva . • m 



T.praiemit; see PoMyrAtna. 

Tortrix viridavut (Lepi- Body-oavitj . 

dopt.) 
Tndaetylu* varuffohu Gat 

(Orthopt.) 
Trox perltUu^ (Goleopt.) 
TnuDo/wap. (Orthopt) 
Van€99a urticae^ larva (Lepi- 

dopt) 

FisQNi media (Hymenopt) Malpighian tabes 
Zygatna JUipmiduUH (Lepi- Fst-body, connec- 

dopt. ) tive tietae, and 

mascles 



>i 



tf 



Chngarina Msm^aetn^Ml^ 

Leidy. 
OphryoeykU €amU§ryit L4ger. 
Schmeidtria caudaia (Sieb.). 

Diieorhynehui Inmooteff 

(Leg). ; Atiiropkora 

elsgana, L^. ; AneyrO' 
pKora uneimUa, L^. 

AeHnocephalus aatittpora^ 
JAger, 

Aneyrophora gracUiM, lAgn, 

Olugea varianSt hkg. 

(T) Olwgta thytanurat (L Pfir. ). 
Ortgtnrinaacridiorum. (L^ger). 



Q. itaiira§t Fmz. 

Olugea sp. [Freuxel, 1892]. 

StyloeyMtu vratooXf Jjktt. 

StylorhynAui ovalii, Stein. 

O^ryocyatii memiii, L^r. 

Cfrtyarina polymarpha 

(Hsmm.) ; O, eun§akt, 
Stein ; G, tUini, Bemdt. 

*'QrtermUii, Leidy. 

O, longirodrii (L^r). 

O, mumeri (Aim. Schn.). 

Adelea mesnilif Peres. 

Eimioeytti$ verUrieotOf lAa. 
Oregar%naIonga{lAg) ; Admo- 

cephalu$ tip%ua$j L^. ; 

Adelea tipuiae, L$g. 

Chloromyxwn dipUmyt 

(Ourley). 
Ongarina hyaloo^phala^ DmL 

O. acuta (Mger). 

O. aeridiorum (Uger). 

(?) Oymnotpora nigra^ IConi. 

Olugea ap. [U Pfeifler, 1806]. 
O, ttrieta (Monz.). 



Acarine, marine . 



Araghkida. 
. Ectoparasttic 



fiuifffiimiy 



. Sxoiporidium 
Sand. 
Aranea diadema ( s Bpeira Heart and trank Olugea sp. [Leydig, 1886]. 

d, ) mascles 

Boophilue home; see JRkipu 

eephalue annukUue, 
DermaeefUor retieulatus ... Piroplaimammk{F,9tQ,Y,). 

ffaemaphyealii leaehi . . 

aa 



*f 



If 
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i 



Jfydradmid tip, 
J'hakmgium eomuUim 



P. opilio 



Jikipictpkaltu annulatus 



Cfhikmfn$cicularis 

I>onax9p. 
JgUcUme mo9eh(Ua 



. G«t 



it 



If 



MOLLUMUL 



. lirtr 

. Mantle . 

. Kidnty . 

. Gut 



arbudorum ; H, KidiMj . 
fnttieum; H, hitpida; 
H, karUmii ; H. iMimnh 
rcUis; H, umJbroaa 
B, hortttuii 



it 



Limax Gimerm>-n\ger 
Ntrtiina JlwnatUis 
Odopus wiUgarit . 



. Kidney (?) 
. Kidney . 
. Gut 



lUndra^iM wp. 



. liver 

. Body-eeritj . 



ScUn vagina 



. Mantle 



Sueeinea giganUa (!) ; S, Kidnej 
p/eifferi ; S. putris 

a. pftxfftTX . ,, 



TtLlxna sp. 



. layer 



>. [Lnti k Splendors, 
1901]. 
J>whirfoji>(iwMw<rf<m(Rbeiler) ; 



if. pkaHmnqii (L^ger) ; 

AtaaUhotpora rt^inif 

L^er. 
if. phaUmqiii (L^ger). 
if. fimmiiwmdii (Johaneen) ; 

(lia. Schn.); AwM^" 
9pora rtpelifU, JAgn, 

bigtnUnwm (8m. 
k K.). 



Mkmh imia MionU (Lank.). 

C ktk nU ium HmpUx [Plate, 
1901]. 

EffmlMcinm pel$enief\'lAfSSt, 

MiuoctidiwK^ odopianum (Ai 
Sehn.) ; {Benedtnia odnh 
piano, aee under (ktopuM), 
Miiina, Aim. Sdin. 



. TfdffmrMa ep. [J. J. Clarke, 
1896]. 

. Immpofra rata. Aim. Schn. 

. Klimia aoror, Aim. Schn. 

. Mu€0€iidium oetopianum (AL 
S^n.) s= Benedenia eea 
X«i|pfma (Blanehard), een 
JCiotna (Labb^), sen 
Ugerina (Jaoquemet), 
odepianOt with 10 • 12 
•porozoites [Jacqneraet, 
1903 ; cp. Ltthe, 1902]. 

. Min^inia sp. [LabM, 1896]. 

. Ortgarina pUrUra€h$Q4 

(Stuart). 

. Biuoocidium eb€rthi (Labbtf) 
= Benedenia (A. Schn.) 
eeu KloMtia (Labb^), eea 
Ligeria (Blanchard), een 
Z^^mna (Jaequemet), 
eherthi (Labb^), leu odO' 
plana (Ai. Schn.), with 
8 or 4 aporozoitet 
[Jaoquemet, 1908 ; cp. 
LUhe, 1902]. 

. NejtuUopeit sp. [Aim. 
Schneider, 1892]. 

. KUmia helicina. Aim. SchD. 

. Pfeifferella sp. [J. J. Clarke, 

1895]. 
. ffffcUokloasia peUeneeri, Ugw, 
. Minehinia sp. [Ubb4, 1896]. 
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Olandieeps haekii 
PtyeKocUra elavigera 

P, samientis 



Ehtkropnbuwa. 



■p. [Sfimgtl, 



Hepatic region of MondmfiN§ 

gat 189)]. 

OeAophmgtu and gat Sporozoon [Spongtl, 180)]. 

Hepatic region of JvoiiMyi^if ap. [Spengel, 1898]. 

gut 

Oeaophagoa and Sporoioon [Speagel, 1898]. 

inteatiae 



Atnaroecium pundum . 
dona inUstifuilis 
Clavellina producia 
Diagana violacea . 
Didaplia magnilarva . 
Peropkara amuetem 

Phaliuna mammilkUa 
Salpa aertigifumi . 

8. etm^oedertUa ; S, vagina 
S, maxima . 



TuirioATiL. 



Gut 

Stomaekand 

Gnt 

i» • 

»» 



»» 

M 
It 



LankuUria amaroicii (Qiaffd.). 
L. cueidiae (Lank.)* 
PUurotyga clavelliiiae (Kdll.). 
LankeMeria diaxvnae (Ming.). 
PUurotyga distapUae, Ming. 
" Ghregaritia *' tp. [Bitter, 

1893]. 
PUurosyga phallunae (KoU.). 
' * Ortgarina ' ' tmtformk 

[Bargoni, 1894]. 
*<(?.'\;Cai»[Robos, 18861 
'*(?." salpae [Freniel, ISM]. 



CiPaAIfOCHORDA. 

Ammkioxm laneeoiaiut . Gat epitkelium . Lanknkria ap. 

1898]. 
,, ,, . GUI ban and fab- Branehioeydii 

eataneoaa tkrae Barehardt. 



[FollMd, 
ampkiexit 



PnOM. 



^df^Mftw brama 
wlgaris) 


• • 

• • 

• • 


GUla . 
Gall-bladder . 
Gat 

Gallbladder . 
Gat 


II II 


■ • 


Metenterj 


II II • 


• • 


Maaelee 


Albumui oHmmMi 


■ • 


Orary . 


II 1* 


• • 


Gills . 


A, mirandella . 


• • 


Ovary . 



Alo9a, see Clupeapilehard%$. 

AmiuruM meliu . . Base of dorsal 

A^nmodytes lolnanui . . Gat 



. Mymo Mu B mriguMi, ThU 
. l^9ka4r§tpora moaovioo, Oohn. 
. Oou99ia lueida (Labbi). 

. Chicr<nfiyxum l§ydigi, Ming. 
. Mtnmsfuya Unuii, Vaiiey k 

Conte. 
. PMtttpKora MeHpMM, Yaa. k 

Conte. 
. X«ploUeea p mr lmim (Oorlej) ; 

(Garley). 
. JUkabdospara tkdMnmif La- 

gueeee. 
. Myxobolut owi/armiif Garley ; 

If. obtttu, Gurley. 
. PlHHopfiora mirafuMlae^ 

Vaney et Conte. 

fins . Henneguya liruari$ (Gurley). 
. Bkabdotpora tMloIiani, La- 
guesse ; Ootuiia Mff- 
mina, Labb^. 
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Anguilla vulgaris 
Aphredoderua sayanin 
Atherina futpsetui 
Barbus barbui {=s-B, flitvia- 
Hlis) 



»» 



ti 



B4lon» aeu8 and B. htlone 

[—B, vulgarit] 
BUnniiu numtagui 



B. ocelUUiu 
B, jfKolii 

it 
l> 

»» 

B<m bodp$ ; B. talpa 
Cfallianymiu lyra 



Gut 

Muscles 
Oall-bladder . 
QilU . 

Spleen, intestine, 

ovanr 
Gsll-blaader . 

Blood 



tt 



»i 



Gall-bladder . 
Kidney tubules 
Gall-bladder . 
Blood . 

Muscles 
Gall-bladder . 

»» 
Muscles 



Cmramx trachur%^$ ; 

TrachuruB, 
CaroitiuM earasnui 
Cep^la rvbeseens 

t* It 

CKondroiioma natus 

Clupea hartngus 
0, pileKarduB 

t* 

i» 

»» • 

Cohitii foitilis ; see Mi$gur- 

nui. 

Conger conger 



Body-oavity 
Gall-bladder 
Liver 
Tongue . 

Liver 

Testis . 
Gall-bladder 
Heart . 



OouBtia variaHlu (Th^l.). 
Henneguya monura (Gurley). 
Leptotheea hep$etit Th^L 
MyxoMuB mUlUn, Butscli. 

M. p/eiffeH, Thil, 

Myxidium sphtterieum, ThiL 

Haemoaregarina h%g$mina, L. 

Sphaeramyxa ineurvcUa, Dofl. 
SphaeroBpcra divergem^ Th^l. 
Myxidium ineurvoUum^ ThiL 
Hctemogregarina dty«mina, L. 

Pleistophora iypiealiSf Gurley. 
Ceraioviyxa pallida, ThiL 
Myxidium ineurvatum^ lliiL 
CfUoromyxum q^uadratwm, 

Thil. ; Olugea destruens, 

Thil. 



. MyxobolusB^. [Gurley, 18941 

. Sphaeromyxa balbianii, Thil. 

. Olugea ovoidea, Thil. 

. **Psorosperms" [Leydig, 

1851]. 

. 0<mssia elupearu7H {Thil.), 

. Coceidium sardinae, Thil. 

. CertUomyxa trunccUa, ThiL 

. Olugea cordis, Thel. 



• * 



Cwegonus lavaretus [=C 



* * Myxosporidium ' ' oon^ 
[Perugia, 1891]. 



f I 



Coris giofredi 
C, julis 



tt 



tt 



tt 



tt 
tt 



Coitus bubalis 



tt 



C. seorpius .... 
Crenilabrus WMiiterraneus 

and C. pavo 
C, m^lops 



Gall-bladder . 

Gill epithelium . Myxobolus'spkaeralis, Gurley. 

Intermuscular tissue i/l zschokkei, Gurley. 

ffenneguya kolesnikovi (Gur- 
ley). 

. ff. sp. [Claparide, 1874]. 

. Olugea niarionis, Thil. 

. Ckloromyxum qtMdraium, 
Thil. 

. Olugea viarionis, Thil. 

. O. depressa, Tliil. 

. Ooussia variaHlis (Thil). 

. Pleistophora typiealis, Gurley. 



Gills . 
Gall-bladder . 
Muscles 

Gall-bladder . 
Liver 
Gut 

Muscles 
It 



II • • II II 

Gall-bladder . . Ceratomyxa inaeqtialis, Dofl. 



» I 
»i 
»» 



C, 8\). 



Gut 

Kidney tubules 
Gall-bladder . 
Eye 

Boily -cavity . 
Gut, liver, spleen, 
and pancreas 



Ooussia variabilis (Thil.). 
Sphaerospora divergens, Thil. 
Ceratomyxa arcuata, Thil. 
Myxobolus mUlUri, Biitsch. 
Olugea gigantea, Thil. 
Bhahdospora tfUlohani, La- 
guesse. 
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Oyprimodon vairi€g<Uu9 



Sabontoneons con- Myxobolui Itnianif Gnrley. 
neotiye tiscae 



Kidne;f tubnlet,' M, eyprini, Dofl. ; Hoftrellui 

ewrini (Dofl.) ; Myxo* 
Mu$ diipar, Thi\. 



Dey 
gfll 



II 



If 



Bngraulii sneroHcKolut 
3U4lwru8 aequonui; see 

N$rophu, 
Erimyton tuettta 



Qui 
liver 



. Bhabdotpora thilohtmi, Ia- 

gaene. 
. Oouuia clup4arum (Th^). 



II II 

Jliox lueiui 

II II 



II II • • 

II II • • 

II II • • 

Fk$u$pas$er 

Oadtu pollachiut 

OdUui galnu 

OatUrosUuM aculiotui 
II II 

O, a. and O. pungUiui 



Gills . 

Skin 

Uriiurj bladder . 

Qills, musclee, eye 




II 



II 



ti 



II 



Oirardinui sp. . 



Chbio ffobio ( m O. fluviaiUii) 



II 



II 



eului. 
O. fi%maiUu 

O, minutuM 



see Lainm-' 



Intncellnlsr tissue 
ofeye*miiscles, 
etc 

Qnt 

Conneotiye tissue 
of e¥e-muscles 
Qell-blsdder . 

Liver . 
Skin tumours 

Kidney tubules and 
conneotiye tis- 
sue of oysry 

Kidney tubules 
and oysry 

Subcutaneous con- 
neotiye tissue, 
oomea, o?ary 

Muscles' 

Kidney tubules 

Skin, mnsculf 

wall of i 

tine 
Out 

Fins, gills, kid 
spleen 



Body-cayity . 
Conneotiye tiiii 



Mjfxobolui globasuM, Ourley. 
M, ohUmgus, Ourley. 
IQfxidium luberkuknii, Biits. 
Jlinneguva psoroivenniea, 

if. p, oviperda (Cohn). 

ff. p, lobo9a (Cohn) ; ff. p, 

anura (Cohn). 
M, ichiatura (Gurley). 



OluffM iUphani (Hagen- 

miiller). 
O. puneti/tra, Thih 



CenUamyxa 
ThA. 



tphaeruhtOf 



Coceidium goiUnmUi^ Th41. 
" Myxosporidian " [O. W. 

Miilfer, 1895]. 
SphatTO»pora $U^ana, ThSL 



HtwMguya media^ Th^l. ; if. 

hr^viif Th^l. 
QltCgea anomala, Monx. ( s 6(. 

microspora, Th^L). 

PUiitophora tffpiealis,QuiUj, 
RhabdoBpora t/Uhhani t . 



,, ... Liver . 

O.paiftMillui(sG.hieohr) Out 
Hippoeampui hr9vinnir%8 . Bile-ducts 

HyhogntUhui nu^alii , . Connective tissi 

of lower jaw 
Julii gio/redi ; see CorU. 
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Labeo nilotieua . 

LaJbruM fesiivua . 
L, turdtt3 . 
Lamna comtibiea 



L€Urunculu$ al^i 

Lepadogaster gouani 
Lij^ocephaluB eongw 
Conger, 



It 



i» 



L, trythrophthmlmus 



*f 



»f 



L. funduloidti . 



tt 



• t 



Ji» ^bHvvVwv 



If 



It 



It 



Lopkiui b%idega$ia 
L, Tp\Kaior\u$ 



II 
ti 



Liver 

OaUblAdder . 
Out 



Myxobolui unieaptulaiui, 
Gurley. 
. Oouisia thdlohanif Labb^. 
. C§r(Uomyxa linoiffora, Dofl. 
• Pfeifferella gigantea (Labb^) ; 
Coccidium giganlmm, 
UhU. 
Subcutaneous con- Olttgea anomalaf Mobz. ( = O. 

nectivetiMue mieroapcrat Th^l.)* 

Out . Oousiia variabilu (ThM,), 



see 



Lota lota (=Z. vulgaris) 



it 



L^cioperca lucioperea (=Z. 
Sandra) 



II 



It 



Oall-bladder . 
Fins and gulls 
OilU . 

Muscles and spleen 
Scales . 
Ovary . 

Kidney and ovary. 



Oills . 

Operculum and 
pseudobranch 
GUIs . 
Heart . 

Oall-bladder . 

It • • 
Urinary bladder . . 

Spinal ganglia and 

cranial nerves 

Urinary bladder . 



Kidney . 

Oill epithelium 

Oills . 



CMoromyxumfluviatiU, Th^l. 
Myxobolus mUlleri, Biitsch. 
Myxosoma dujardinit Th^l. 
Myxobolus dispar^ Th^l. 
M. transovaliSt Ourley. 
Ithabdospora th^lohani, La- 

guesse. 
Myxidium hittophilum^ Thil. ; 

Myxobolus mUlUri, Biits. 
Glugeanp. [L. Pfeiffer, 1 895]. 
Myxosotna dujardini, Thel. 
Myxobolus cycMdts, Ourley. 

Htnneguya sp. [Borne, 1886]. 
* * Psorosperms ' ' [Leydig, 

1851]. 
Ceratomyxa appendiculatat 

Th^l. 



t» 



ti 



Merluecius inerlucdus (= Oall-bladder. 
M. vulgaris) 



11 



It 



Misgumus fossilis 
Motella maeulcUa 



It It 

M. tricirrata 



It 



^ 15" .* 




uratus ; M. capito ; 
chelo 



Kidney . 

Out and pyloric 

coeca 
Oall-bladder . 
Out and pyloric 

coeca 

Gall-bladder . 



Liver 

Stomach, pyloric 
coeca, gills, 
spleen, kidney 



Myxoproteus ambiguus (Th^ I . ). 
Olugea lophii, Dofl. 

Myxidium lieberkUhnii, 

Biitsch. ; Chloromyxunt 
mueronatumj Gurley. 

Myxobolus dipleurus, Gurley. 

M. sp. [J. MuUer, 1841]. 

"Psorosperms" [Heckel k 
Kner, 1858]. 

Leptotkeea elongata^ Th^l. ; 
CercUomyxa globuli/era, 
Th^l. 

Myxobolus nurluccii (Peru- 
gia). 

M. piriformis, Th^l. 

Crystal lospor a crystalloides 

(Th^l.). 
Spfiaeromyxa balbianii, Th^l. 
Crystallospora crystalloides 

(Th^l.) ; Ooussiamotellae 

(Labbe). 
Ceratomyxa arcucUa, Thel. ; 

Spfiaeromyxa balbianii, 

ThAl. 
Olugea ovoidea, Thel. 
Myxobolus exiguus, Thil. 
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Iftt^sp. 



MutUlui eanii . 
II 11 • 

If. loivit 
Ntrophii aequoT9Ui 



11 



11 



ti 



II 



Notropii mtgdkpt 
Pagellui antraUnUus 

Ptrca fluviatUii . 



»i 



tf 



OlooBbtnili of kid- Sphatroipora rodraia, Th^L 

. Oouina lueida (LMA). 

. (krtUomyxa apha§rulc9tif 



Omt 
QaU-bkdder 



1m 



It 



11 



PkoxinuB funduUndu tad 
P, Uuvis ; see Leueitcut. 

PkyeU phycit (sP. nudi 
Urranea) 

Pimshdus hloehi ; see Pira 
mutana, 

P. darias; Me Synodoniii, 

P, §ebae 

Piramutana bioehi 

PUUyttoma ftueitUum . 
PUwnmfietM plaU$9a , 



PUtidopkUpiioma ; BMPUUy 

iUnna, 
Baia alba ; tee R, undulata 
B. asUriai . 
B, batis; R, davaia 
R. mo9aica . 

R. punctata 

R. undulata 

Rhamdia ttbae ; lee Pimelo 

dua. 
Rhina aqtuUina -. 
Salvelinui fofUinalis . 

Scardiniui erythrophtkal 

mu$ ; see Letieiacus. 
Scomber seombrus 



. Myxidium inet^rvatum, Thil. 
. Chkromyamm quadratum^ 

ThA 

ConaeetiTe tiitiie Olugea acuta, Tk41. 
of dortal fin 

. Myxoaporifliui [Lin ton, 1801]. 
. Ceratomyxa aretMta, yar. 

typiea, Th^l. 
. Rhabdo$pora ikiloka/nif 

Laguesee. 
. ffinfuguya picrowmrmica 

(Cohn) ; Myxobotua teas- 

tu$f Cohn. 



€W14»kdder 






II 



II 



II 



II 



SeorpamM porcua 
8. $ero/a 



tt 



S. sp. . . . 
Seytlium eanicula 
S. catului ; eee S, itallare 
S. stellare . 



Gall-bladder . 



. L«ptotK€€a 
LabU. 



pollfWMfpktk^ 



GilU 



II 



Gill-ohamber 
Gnt 



. Henneguya lituarii (Gnrley). 
. Myxobolut inasqyMlii, Gar- 

ley. 

. Henneguya linearU (Garley). 

. "Sporozoon" [Johnstone, 
1901]= Olugea sp. [JUU 
H.lLWoo£oekinlLS.]. 



Gall-bladder . . Myxidium giganteum, Dofl. 

Chloromyxum Uydigi, M inff. 



Blood 



ffae7nogregarina delagti. 



tt 



Gall-bladder . 



II 



II 



Chloromyxum Uydigi, Ming. 



II 



. Cklorofnyxum Uydigi, Ming. 
Blood, muscles, gut, Lymphotporidium iruUa^t 
and lymph Calkina. 



Gut 

Gall-bladder . 
Kidney tubules 
GUIs . 
Gall-bladder . 



II 
II 
■II 
II 



Gut 



Ooussia elupearum (Th^l. ). 
Leptotkeca parva, Th^l. 
L. renioola^ Th^l. 
** Psorosperms " [Borne, 1880]. 
Ceratomyxa areueUa, Tar. 
ieorp<i»narum, Labb^. 

II II 

Myxidium ineurvatum, Th^l. 

Leptotheca agilu (Th^.). 

Chloromyxum Uydigi, Ming. 

Oou9§ia lueida (Labb^). 
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Labnii /utiviiM . 
L. lunlttt ■ 
Lavma earwuUea 



Latmntiilu* aAtx 
Ltpadagtuttr gotumi 



L. piieatoriut 

Lota lota [ =L. mlgari*) 



Myxobol'u* wtioa^MMlM, 

. lirrr . . Ooutna IMto/umi, L>bM. 

. Oftll- bladder . . CtnUomyxa titioiyora, DoB. 
. Qat . PftiferelU giifanUa {Lxhbi) i 

Cotdditim gioanUum, 

Ltbbi. 
. Subcntuiaout eon- Olvfta aKomala, Homi. (^O. 

iMCtivetiMU* mierotpora, Tbil.). 

. Out . . Chnutia variiMli* {Thii.). 



. Gkll-bUddw. 

. Fini and gulU 

. QilU . 

. HumIm kiid (pluB 

. Scale* . 

. Ovary . 

. KidDCf andoTary. 






ChlCTOmyxuinJIuviatiU, ThtL 
Itymboltu mUUeri, BiiUcb. 
ifj/XDWma dujardiiii, Thtl. 
J/gxoboltu ditpar, Thii. 
il. trajuovalii, Ourley. 
RlK^idotfora Ottlohata, !«• 

UyxtAotut mlilUri, Buti. 
Olugta tp. [L. Pfeilfer, 1 BM]. 
Jtyxoaoma dtijardini, Thil. 

Myxobolut cycloidit, Ourlaj. 

Hmiufuya ip. [Borne, 1884]. 
"Pioroapenus " [Leydig, 

1851]. 
Ciratomyxa aypendieulaki. 



Urinary bladder . XyxoproUuiambi^utlThi].). 
Spinal ganglia and Olvgta ioiihii, DoQ. 

Urinary bladder . Xj/xidiiim litbtrkilJinii, 

Biitscli. ; Chtoromyxum 
tnueronalum, Gurley. 

Kidney . . . Myxobolut dipUvnn, Gurley. 

Oill apitUelium . M. ep. [J. UiilUr, 18il]. 



. Opcrealum 

pMudobraneh 
. Oill« . 
. Haart . 

. Oall-bladd«r . 



Gill> 




; Stomach, pyloric 
coeca, gilla, 
■plMO, kianty 



, " P>oro>pernie " [Heckcl k 

Kner, 1858]. 
. Ltptotlllta ilongala. Thil. ; 

CtralamyTea globultfnv, 

Tbi\. 
Myxobolus mtrluKii (P«ru- 

gi»). 
. M. piriformit, TWI. 
: Oryttallaapora eryitalloidtM 

(Th^l.). 
, SphaiTOmi/xa balbiaaii, Thil. 
: CryitalloipoTa cryttalloidu 

(Tlitl.) : Qouisiamotellat 

(Ubbe). 
, Ctratomyxa areuala, Thfl. ; 

SplMttvmyxa balbiayiU, 

Thil. 
. Olugta rrroidta, Tbel, 
; Ji}fxobolu$ ixigiiui, Thil. 
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MutUlui eanii 



t* 



It 



if. kuvis 
Nerophii ctequonui 



i> 



fi 



tt 



*t 



Notropii msffoiopi 
PagelluM unirodtnUua 

Ptrea JtuviatUii . 



»i 



fi 



Olonytruli of kid- Sphaerotpora roHrata, Th^l. 

Omt . ChuMtia lueida (UhU). 

QaU-bkdder. . Ctraiomiixa tphatruiottk, 

ThA. 



If 



t* 



If 



Phox%nu$ funduloitUi tad 
P, kuvis ; see L^ueiteus, 

Pkycu phycit (—P. medi 
terranea) 

Pinulodus hloehi ; see Pira 
mutana, 

P, darias; Me Synodontii, 

P, mbeie 

Piramutana bioehi 

PUUyttoma ftueitUum . 
PUwnmfietM plaU$9a , 



PutidopkUysioma ; BMPlaty 

Paia alba ; lee P, undukUa 
R, asUrioi . 
P. batU; P, elawUa . 
R, moiaiea . 

R, punctata 

P. undukUa 

Rhamdia $tba4 ; see Pimek> 

dua. 
Rhina squatina -. 
Salvelinus fontinalia . 

Seardiniua erythrophthal 

mu$ ; see Leucisciu. 
Scomber §combrus 



. Myxidium inet^rvatum, Thi\. 
. CMaromysmm quadraiump 

Thil 

ConatetiTe tiwve Olugea acuta, Tk4L 
of dorsal fin 

. MyxosporifliAn [Linton, 1801]. 
. Ciratomyxa aretuUa, v§x. 

lypiea, Thih 
. Phaida$pora tkiloka/ni^ 

Laguesse. 
. KiHfuguya p$orotp§rmuii 

(Cohn); Myxobotua teas- 

tu$, Cohn. 



€W14»kddar 



n 



tt 



tt 
f > 



SeorpamM pofcus 

8. terofa 

tt • • 

S. sp. . . . 

Seyllium ean%€%ila 

S. catulua ; tee 8. aUllart 

S. stelkire . 



QaUbUdder . 



Liptoth€€a 
LabU. 



pottym/Ofpha^ 



ouu 



tl 



0111-ohamber 
Gnt 



. Henneguya lituarii (Onrley). 

. Myxobolui inasqualU, Gar- 
ley. 

. Henneguya linearii (Gurley). 

. "Sporozoon'* [Johnstone, 
1901]= Olugea sp. [JUU 
H.M.Woo£ookinlLS.]. 



Gall-bladder . . Jiyxidium ffiganteum, Dofl. 

Chhromyxum leydtgi, M inff. 



Blood . 



ffaernogregarina deUigti, 



Gall-bladder . 



tt 



tt 



Chloromyxum Uydiyi, 



tt 



. ChUro^nyxum leydigi, Ming. 
Blood, muscles, gut, Lympkotporidium trutta*^ 
and lymph Calkins. 



Gut 

Gall-bladder . 
Kidney tubules 
Gills . 
Gall-bladder . 



tt 
It 

■tt 
tt 



Gat 



. Oousiia elupearum (Th^l. ). 

. Leptolheca parva, Th41. 

. L, renieoki, Th^l. 

. ''Psorooperms" [Borne, 1880]. 

. Ceratomyxa arcumta. Tar. 
$eorpaenarum, Labb^. 

* It tl 

. Myxidium ineurvatum, Thil, 

. Leptotheca agilts {Th4\.). 

. Chloromyxum Uydiffi, Ming. 

. aou99ia lueida (lAhU). 
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SoUa tulfforiB 

Jtjpkifra^na jMAyratiia {mS, 



Blood . 

Qat 

QftUbladdOT 



(I 



Or§tya " n$apoiiiama, Ming. 



Ckloram^fuum 



Ming. 



BqutUima, 
SHaoiUKium lueiopm^a ; too 
Lucioptrta, 



t* 



ff 



tf 



tt 



MpMkmii9$ckall 



t» 



If 



Tk^wMlluB tkfmaliuB ( b T. 
fmlgari§) 

ftnd T, vulifari9) 



It 



ti 
II 



II 

11 

II 



Tarpmio norm; T, torpedo 

* (bT. mainiwrata) 
TraMmiu9 d/raeo . 



Tnukwrui tr<Hkwru9 . 



If 



II 



MuMlet 



ConneotiTe tiatae 
of dorsal fin . 
Oillt . 
Hoad . 
KeorilemniA (?) 

Gill epithelium 

Liver, kidney, 
spleen 

Gills, spleen, kidney 

Swim- oladder, gills, 
kidney, spMon, 
lirer, eome* 

GftU-bladder . 



»i 

Liver . 
Mnseleo 



mm i m tm rwa i u m ^ Thfl. 



Trygtm pa§iina$a ( b T, tul- 0*ll'bladder . 
ifarts) 

Amphibia. 

BatrQ€ho9$p$ oKcniMiliM . Brythroeytes 
By/o Uni%ffi/iMtu9 . Kianey . 

B, marinuM ( = B. a^ua) . Gall-Uadder . 

B, sp. .... Gat 

OyttxgniUkys ocelkUus ; see 

Leptodadyliu, 

Hyla arhorta ( = H. wridii) Blood . 

Liptodaetylus oulkUus . Gall-bladder . 

Molge erittfUa . Gut 



II 



11 



GaU-bUdder. 



li, marmortUa ; M. palmaia ; Gnt 
M, vulgarit ; M. sp. 



tt 



Ckloromyxum quadraiuwi, 

ThdL 
Olug§a acuta, Thih 

My»obolu9%na€qMalu,Q}ul9j, 
Btnneguya ttrongyl^ff^ Gnrl. 
Myxobolui pfeifftrit ThA. 

Bhabdatpora ik^ckam, 

Lagaease. 
G<mt$%a minuta (Tk^l.). 

Myxobolui pir^formUf ThiL 
M. •llipwidM, Th^L 



CUorofiiymHil Uydigi, Ming. 

Ciralamyxa r^ticularii, Th4L ; 

Jiyxidium imur v a t um i , 

TWl. 
OtmiHa erueiata (Th^.). 
Chhromyxum quadraimm 

Thd. 
Ltptatkecaagilu, TlUlokAB ; 

Chloromyaoum hifdi^, 

Ming. 



ffasmMnum riedyi, Keen. 
Lipiothsea ohlmaehtri (Gmr- 

ley). 
Cy§U)di$e%u imnunui, Lnts. 
Diplospara sp. [Graaai, 1881]. 



Cyiamotba sp. [Graaai, 188S]. 

CyttcdiacuM imnursui, Luts. 

Coeeicitum propriwm (Aim. 
Schn.). 

Chlaromyxum caudatumt 
Thrf. 

Coeddium proprium (Aim. 
Schn.). 

C. ranarum (Labb^) (ineL 
KaryophagtiM rmmarum, 
Labb^ and MolMU 
enitif Paeh. f) ; fdra- 
ooecidium prmnii^ L. Ae M. 
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JImUI tJOMffllffl 



t» 



l> 



If 
>l 



Jt. l«iN|>ororia 



t> 



f> 



•* 



>> 



SaldiiwifMfra Mlamandra Out 



>f 



>f 



IWfompp.; 9t Molg$. 



Kidney. . Dipiomora lieUrkUkni 

(UbM) ; Leptotheea ohl- 
mathm-% (Gurky) ; X. 
rmuu, Th^l. 

Renal epithelium . KmryamuHha rtnit^ G. Tos. 

Blood, spleen, bone- LamkiH^rella ranarum. Lank., 
marrow, etc. and X. monilii, Labb^ 

(inel. Haemogregarina 
magrui, Gr. et FeL ; Lave- 
rania ranartM^ Kruse ; 
Daetylo$oma ivUndens, 
Labb<& ; and Cfytamoeba 
baeUrtferOf LabM). 
. Diploipora lieberkUhni 

(Labb^) ; Leptotheea ohl- 
maeheri (Gurley) ; X. 
ranaSf Th^l. 
. Phittophora daniUw$k}fi 

(L. Pfr.). 
. " Myxotporidian " [O. W. 

Miilfer, 1895]. 
. Couidium 9alamandra$ 

(Steinhaus) (incL Karyo- 
]^uigus »alamandra§, 
Steinh.). 

Spermatocyte nuclei ifierocoeeuifum earyolfUeum 

[Driiner, 1894]. 



Kidney . 

Muscles 
Skin . 





RSPTILLL 


Alligator miaienpUniii 


Blood . 


Aneistrodon pitdivonu 
Anguit fragilit . 
Bothropi sp. . . . 


Gut 
Blood . 


Bungarut fa$eiatw 


»» • 


ChaleideM tridaetylus . 


Muscles 


Chameleo vulgarii 
dttudo europaea ; see Emye, 
CUmmys eUgane 
Coelapeltit laeertina . 


Gut 

Blood . 
Gut 


Coluber aeeculapii 


Blood «. 


C. eairbonariue ; see lam^nU 




penumemie. 
C. eoraie .... 


»» 


Corvnella auitriaca 


Gut 


C, sp. . . 
Croeodilue frontatue . 


»» 
Blood . 


C sp. .... 


Gut 


OrotaXue oomfiumlue . 

(7. sp. .... 


Blood . 
i» 



H<umogregarina croeodUi* 

norum, Bomer. 
B, moeaetini, Lav. 
Coecidium railleU L^ger. 
Drepmnidium serpentiwiif 

Lutz. 
ffaemogregarina bungari 

(Billet). 
(?) Pleistophora danilewskyi 

(L. Pfr.). 
Diplotpora nuinili^ Sergent. 

Haemogregarina labbH, Bdm. 
Diploepora laverani^ Hagen- 

miiller. 
Haemogregarina sp. [Bomer, 

1901]. 



Drepanidium eerpentium, 

Lutz. 
Coecidium sp. [Grassi, 1888]. 
I»o$pora sp. [Grassi, 1881]. 
Haemogregarina eroeodili' 

norum, Bomer. 
Coecidium sp. [Solger k 

Gabriel, 1876]. 
Haemogregarina crotali, Lay. 
Drepanidium §$rpentium, 

Lutz. 
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Cryptopus granosus ; 

Emyda, 
Damonia ruvesii 



see 



t> 



it 



t> 



If 



Drymobius btforsatus . 

Emyda granoaa . 
Emys orbieularii {=E. lu 
taria and E. europaea 



Out (rectum) 
Blood . 



»» 



Gut 



ft 



»> 



»> 



Blood 



»» It 
It tt 


Kidney 
Muscles 


E, tecta ; see Kachttga, 
Euneeles murintts 


. Blood . 


Oavialit gangeticus 


. Spleen . 


$$ »t 


. Blood 


Oongylua oeellatus 
EerpeiodryoB eariiuUa 
Eddiuga tectum . 


. Out 
. Blood 

It 



L(ieerta agilu ; L. muralis 



it 



L. muralis. 

L, oecllata; L. viridis; 

L, sp. 



It 



It 



Ovsr 



L. sp. Bl 



rsry 
ood 



Naja tripudia7is . 
Philodryas ol/ersii 

PltUemys sp. . « . 
PUUydactylus mauritani' 

cos; see Tareniola. 
Python rtticuUUus 

Bhadituua merremii . 



Out (and kidney ?) 
Muscles 

Ova 

Blood . 
It 

t» • 



It 



It 



Sep8 ehalcides ; see Chaleides. 

Spiloles pullatus . . ,, 

Tarentola viauritanica . Muscular fibres 



1 1 



1 1 



. Blood . 



Testudo ihera 
T. marginata 
Trionyx indicus . 
T. sp. 



It 



II 



II 



It 



Coeeidium mitrarium, L.&M. 
Haemogregarina stepanovi- 

anOi L. & M. 
ff. rara, L. & M. 
Drepanidium ierpentitim^ 

Lutz. 
Coeeidium Ugeri, Simond. 
C. delagei, Labb^. 

Bdemogregarifha itepanovi, 

Danil. 
Myxidium danilewski. Lay. 
PUiitophora daniUw$kyi 

(L. Pfr.). 

Drepanidium terpentium, 

Lutz. 
Coeeidium kermoganti, 

Simond. 
Jfaemogregarina hankin% 

Simondw 
Diplospora am^lerii^ Hagen. 
Drepanidium ae^pentium. 
Haemogregarina meanili^ 

Simond. 
H, lacazei (Labb^) ; Karyoly- 

sue lacertarum (Dami.). 
Coeeidium laeertae (Ming.). 
Xaryolysus laeertarum 

(Danil.). 
Coeeidium sp. [Eimer, 1870]. 
{!) Pleistophora danUetoMkyi^ 

(L. Pfr.). 
" Myxosporidian *' [Mingaz- 

zini, 1892]. 
ffaemogregarina najae, Ijav. 
Drepanidium $erpentium, 

Lutz. 
Haemogregarina lahbH, Born. 



ff. pythanis (Billet) ; ff. 

eolubrit Bomer. 
Drepanidium serpenHum^ 

Lutz. 



It 



It 



Sareoeystis platydactyli^ 

Bertram. 
Haemogregarina platydactyli^ 

Billet. 
Karyolysus (?) sp. [Poporici, 

1901]. 
Haemogregarina stepanovif 

Dauil. 
H<umamoeba metchnikovi, 

Simond. 
Haemogregarina stepanovif 

Danil. 
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T.$UIUUU8 . Blood . 

Tropidonotut tiokUmB . . ,, . 

Xtnodom ntwfUdii • »> • 

Xamtnit gem<m$nii$ (sJT. Yaia defnrentia 

viridijlaviu) 



tf 



1 1 



I. kippoerepii 



. Blood 



. H, HlUii, Simond. 

. if. pfftkanit, Borner. 

. Drtpcmidium $$rp€tUiumt 

Lutz. 
. Coceidium eolubri (Ming.)- 

PUittophora het€roiea(M.oia.). 
. HiumogregarinaxameniStLMW. 



Atis. 



Aeanthis eannabina 
Actilit hypoUucus ; 

TotanuM. 
Agelatus phoeniceus 



Alauda arvenaia . 



. Out 

866 



• • 



ft 



tt 



. Blood . 



. Gat 



. Blood . 



Aleedo ispida 

Anas hoichas ; A. elypecUa . 

A, domestiea 



Out 

Intermusoular eon- 
n6ctiv6 tissue 
Gut 



>» 



AnBtr domestieus 

„ ,, . . . Kidney tubules 
Apus apua ; see Cypului a. 

Arenaria interpres . Gut 

Aaio otus .... Blood . 

Athene nodua ; see Carine^ 
Bubo virginiantu ; ^. sp. . ,, 

Budyteaflavus . . Gut 

Buteo buUo ( = B. vulffaria) Blood . 



Calidris arenaria . Gut 
Cannabina Jinota ; see 

AearUhia e. 

Carduelis earduelis ( = C ,, 

eUgaiu) 

Cariju noctua . Blood . 

Charadr%u$ alexandrinus ; Gut 

*C. dubius ; C. pluvialis 

Chelidonaria urbiea ( = Ckeli' , , 

don tt.) 

Chloris chloris . • >i 

ChryaomUria apintu . • ,, 

drcua aeruginoaua . Blood . 



Diploapora lacazH^ Labbe. 



SaUaridium daniUwaikyi 
(Gr. k Fel.) ; Haemopro- 
Uua daniUwakyi, Kruse. 

Coceidium avium (Silv. k 
RiT.) ; Diploapora laaoMH, 
Ubb^. 

ffaUeridium daniUwakyi 
(Gr. k Fel.); Eaemo- 
proteua daniUwakyi, 
Kruse. 

Diploapora laeazei, LabM. 

Sareocyatia rileyi (Stiles). 

Coceidium avium (Silvestr. k 
Rivolto). 



tt 



tt 



(7. truncatum, Raill. k Luest). 

C roaeovienaCf Labbi. 
Hd^noproteua daniUw^kyi, 
Kruse. 

HdUaridium daniUwtkyi 
(Gr. k Fel.). 

Diploapora laeaxei, Labb^. 

Sdltaridium daniUwakyi 
(Gr. k Fel.) ; Haamopro- 
Uua danileviakyi, Kruse. 

CoetidiumroacovianUf Labbe. 



C. amum (Labb^) ; Diploapora 

laeazei, Labbe. 
ffaUeridium danilewakyi 

(Gr. AFel.). 
Coceidium roaeovienae, Labb^. 

Diploapora laeazei, Labb^. 



It 
It 



It 



It 



Clivieola riparia 



. Gut 



Coeeothrauatea coeeothrauatea 
{ = C, vulffaria) 



Hdemoproteua danilewakyi, 

Kruse. 
Diploapora laeazei, Labb^. 



It 



It 



It 
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CoUuus num&iula 
Coluniba domettiea 



C. livia 



>>» 



Coraeioi garrula 
Corvui comix 



. Blood 

. Out 
. Blood 

»» 



Out 
Blood 



0. comix; C, corona . . Out 

(7. amerioanlai ; C, corax , Blood 

0,/rugilegus „ 

OotyU riparia; lee Clivieola, 

ChcuIu8 canorui . Out 

Cyptelutapus , , , „ 

Dimdroeoput minor „ 
Bmberiza eUriiulla . • »i 

JS. miliaria {=E. prcj^r) . Blood 

Brithaew luicinia ; £. pKo€» Qnt 

nieurtu; £,rub0eulu9 

Faleo tinnunetUut . Blood 



Fringilla canaria ; Me Ser^ 

inu$ 
F, cardffielit ; tee CaTdu€li$, 
F. eotUbs . . . Out 

,1 . Blood 



F, mofUi/ringilla 
OaUrita erxBtata . 
Oallus donusticus 



tt 



t* 



>t 



>i 



Oarrultu glandarius 

ffabia liidoviciana 

Hirundo rustiea . 
lynx torquilla 
Lanitu collurio . 
L, exeubitor 



ffa^maproieui da wi h w i kpi f 

KniM. 
Coeeidium sfHfiri, UhhL 
HalUridium daniUw$kyi (Or. 

k FeL). 
HatmofToUu$ damiUwAfi^ 

Krnse; HalUridimii 

damiUw$kyi(Qt. k FeL). 
Diploipora laeasei, Lebbi. 
HaomaproUui daniUumki^ 

Krnee. 
Diplotpora laeaui, Lebbi. 
ffaUeridium daniUwikyHOir. 

k FeL). 
HdemoproUui damikwdByit 

Erase. 

Diploipora laoomti, Lftbb^ 






»f 
»t 



HaUmidium damiao¥Mikyi 

(Or. k FeL). 
Diploipora lacani, Lftbb^. 



Out 
>f • • • 
i» • • • 

Ova 

Masclei and oon- 
nectiTe tiMne 
Blood . 

Intramnsonlar oon- 
nectire tiwae 
Out 

II • • • 
II • • • 
Blood . 



ffalUridium 

(Or. k FeL); Haomo- 
proUui danil n o tk yi, 
Krote. 



Diplotpora lacaaHf Labb^ 
ffalUridium daniUwikyi 
(Or. k FeL); Basmo- 
proteut daniletotkyit 
jCruee. 
Diploipora Utcatei, Labb^ 



II 



II 



Coeeidium avium (Silreitr. 

k Rivolta). 
Coeeidium sp. (?) [Podwje- 

Bozki, 1890]. 
Sarcoeystit sp. [Kiihn, 1806 ; 

Stiles, 1894]. 
EalUridium daniUw^cyi (Or. 

k FeL). 
Sarcocystii faleaiula, SUles. 

Diploipora lacatHt Labb^ 



II 
II 



L. minor ; L. seruUor ( = X< 

ru/us) 
Ligurinus ehlorii; see Chlorii. 
Luicinia vera and L. p?iOini' 

eurui ; see Erithaeui, 
MeUagrii gallopavo . Out 



Ha€m4JproU%u 
Knise. 



II 
II 



daniUyoikyi^ 



>i 



II 



Coeeidium avium (Silr. k 
Rir.). 
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Melotpiga/cuciata; M.geor 
giana 



MUvtu migram . 

Momdula twrrium ; 

aeu$ m, 
MoUteilla alba 



Col 



Mu$eicaj>a cUrieapilla . 
Numenius phaeopui . 
Oriolus oriolus {ssQ, gal 

bula) 
Otua vulgaris; see A$%o oiua, 
Fadda orysivora . 

PandioH kaliail%u 

Parula pUiayumi 



» 



i» 



( ?) ParuM eaeruleui ( » P. qfa 

fUU$) 

P. major 
POiMer domestictu 



$t 



»i 



Blood 



»> 



Out 



»» 



Blood . 



II 



Mufolet 

Pectoral miuolea 
Out 



Blood 



Halteridium daniUwtkyi 
(Or. k Fel.) ; ffaomopro- 
Utu danilmmkyi, Kruse. 

Hd4moproUu9 daniUtoskyi 
(Kruae). 



. Diplotpora laeaaei, Labb« ; 

Coccidium ro$oovi€n$e, 

Labb^ 
. DipUupora laeaui^ Labb^. 
. Co(Xidiumro90ovienMe^ Labb4. 
. Diploipora laeazH, Labb^. 



. ffalUridium daniUw$k% (Or. 

et Fel.). 
. ffaemoproUui danUewikyi, 

Kniie. 
. jSisreoeyi^sp. [Barrows, 1888]. 



P. hispanioUmii ; P, mon 

tanus 
P, monianus 

Puvo crisUUut 

Ptmit apivorui . 

^alaeroeorax graetUuB (s 

P. erisUUus) 
Pkanantu eolMcui ; P. tp. 
Pieapiea (=P. eaudata) 

Pieus minor; tee D€ndrO' 

eopui m. 
Pluvialis aprieariua ; see 

Charadritu pluvialit. 
Pyrrhula europaea ( = P. 

vulgaris) 
Mubeeula famUiaris ; see 

Brithacuir, 
Saxieola oenantfu 
Ssrinus canariui 
Sitopfiaga ruticilla 
Spatula clypeata ; see Afuu, 
Strtptilas interpres ; see 

Arenaria. 
Strixflammea 

Stumus vulgaris 



Out 
Blood 



II 

II 
Out 
Blood 
Out 



Blood 



Out 



If 



II 



II 



II 
Muscles 



Blood 

Out 
Blood 



II 



II 



. Diplospora Uieaxei, Labb^. 

. ' 'Ha^namoeba ** sp. [Lareran, 

1902]. 
. Diplospora laeazei, Labb^. 
. Halteridium danilewskyi (Or. 

k FeL) ; HasmoproUus 

daniUwskyif Kruse. 
. Haemoproteus danilswskyit 

Kruse. 
. HdlUridiumdaniUwskyHOT, 

k¥e\.), 
, (?) Coceidium avium (SUt. k 

RiT.). 
. BaemoproUus daniUwkyi, 

Kruse. 
. Coceidium roseovUnm, Labb^. 

. C, avium (Silr. k Rirolt). 
. Saemaproieus danileuf^kyif 
Kruse. 



. Diplospora laeauit LabM. 



»» 



II 



II 



II 



. Sareoeystis sp. [Stiles, 1894]. 



. Halteridium danilewskyi {Qtr. 

et Fl.). 
. Diplospora laeaxei, Labb^. 
. Halteridium danilewskyi (Or. 

et Fel.). 
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Sylwia airieapiUa;S, hofi$nms 
Symium alu§o 

Toianu9 kfpoU%tem» ; T, 
totantu (== r. Mlidrk) 
Tringa cUpina ; T. sp. 
Tardus mtrula . 



Qat . Diplotpora lacaatif Labb^ 

Blood and bone- HolUridiu'nidan%Uw9ky%{Qtt, 

mMTOW et Fel.)* 

Gut . Coeetofium rofoovMiuf , Labbi. 



ft 



it 



it 



Twriur turiwr ( z T. amrUut) 
Vjmpa tpopi 



ConxM^tiT« tittue 
Qat 



it 



it 



It 



D%plo$pcra toeam, Labbi. 
SareoeywtU sp. [Kiihn, 1865]. 
Coeeidium pfeiffitrif Labbi. 
Diplotpara Utcazei, Labb4. 



Apet . 
Bos taurut . 



it 
» f 



Bubalu$ sp. 
Canut/amiliaris 



it 



ft 



II 



II 



l» »» 

Caprmk 4mu 



it 



it 



Cavm§9bafa 
C€nm§ capTfohu 
OrieHui €r%€€t%u 
«tbaHu$ 



II 



II 



> I 



II 



II 



II 



Felii domeHiea 



II 



II 



Lepus eujiiculus 



II 



II 



II 



II 



i» 11 

L. timidus . 

II 



Mammalia. 

Blood . 
IntastiiM, bladder., 

lirtr and intestine 
Mtttclat 

Blood . 

Muscles 
Intestine 

Lunn . 
Muscles 
Blood . 
Inte^ine 

Musolas 
Gut 

Muaples 

f 
Gut 

Kidney. 

Intestine 

Submuoosa of in- 



Pkumodium koehi (LaTeran). 
Co€cid%um ptrforwM^ var., 

Hess k Zschokke. 
G. perforanMf rar., Zurn. 
Sarcoeystis sp. [Hessling; 

1853]. 
PiroplasiiM htgeminum (Sm. 

et K. ) = Babtaia hovu 

(Babes). 
Sareocystit sp. [Jongh, 1885]. 
Coecidium fngeminum, var. 

eanis, Raill. et Lucet. 
C. sp. [Lienaux, 1891]. 
Sarcoeystis sp. [Krause, 1868]. 
Piroplasma cants ( P. et G. V. ). 
CoeMium per/orans^ var., 

Hess k Zsohokke. 
Sarcoeystis sp. [Jongh, 1885]. 
Cyclospora 

Schaud. 

sp. 



Sarcoeystis 
1858]. 

Cyclospora 
Schaud. 

** Mifntria** 
1886]. 



sp. 



earyolytumm, 
[Hessling, 
earyolfUta, 
[Ps«hiim«, 



Maeaeva sp. 

Maeropus penicillcUus; 
PstrogaU. 



Blood . 
Intestine 

Muscles 
Intestine 
Liver . 



Ovum . 
Ma8cles 
Intestine 
Muscles 

II 



see 



Coseidium wrforaim^ rar., 

Hess k Zschokke. 
OUAfidium Isuckarti [Flssoh, 

1884] ; Sareo§y$ti» sp. 

[Gerlach, 1866]. 
Piroplasma squi, Lareran. 
Coeeidiufn biasminufnj rar. 

6cUi, RailL et Lucet. 
ScPTcocystis 8^. [Krause, 1868]. 
Coeeidium perforanSf Leuck. 
C. euniculi (Riv.) = C, 

ovi/ornUy Leuck, ind. 

Pfeifferella pri^ieeps 

(Labb^). 
C. sp. [Pdwyssozky, 1892], 
Sarcoeystis sp. [Manz, 1867]. 
Coeeidium per/orans, Leuck. 
Sarcoeystis sp. [Hardenberg, 

1865]. 
S. sp. [Ratzel, 1868]. 
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3SI 



Jb ff(M|pM^tt9 MMI^fiOl^N 



Blood 





• 
• 


Mweles 
Intestine 


• 




Kidney. 


»» * • • 




Monies 


M, raUtm . 
MutUla pmiorim 




missviiie 


M, nUgmru 




Ghit . . . 


MffotU tafooBimM 




Bwod 


M. mfoHt; see V€$frtUio 

Oiaria eoH/ormea ; see ZaUh 

phtu, 
Omioriii . . . . 


Inteetiiie 


»f ... 
,, ... 


• 
• 


Moseles «ad oon- 
necftire tissiie 
Blood . 


PtirogaU p€nicilkUa . 

Poiamoeho$rui larvaiui 
MhinolophMi ferrum - equi- 

num 
3ui danusti€%u . 

Talpa turopata . 


Svbinteetinid con- 
neetire tissue 
M«scles 

Intestine 

Lirer and intestine 
Mnsoles and con- 
uective tissne 
Gut . . . 


yttptriUio mwrinu9 . 




Blood . 


Vup€nti§o sp. 




»» • • • 


lahphus ealifomitmui 




Missies 


Homo dopUnHf Man 
»» »» 




Liver 
Intestine 


»» »» • 

»> »» 




Fleoral eaTities 


>i >» • 




Skin, etc. 


n »> 




Blood . 


J. it 


• 
• 


Muscles 
Liver . 



Poifekromophilut mdoHi- 
pkoTMif DionisL 

Sarife^stit sp. [Sieboki, 1858]. 

Ooeoidiwn/aleifomu (Bimer) 
(incL JBtmsria faleifor'' 
mii {JL Schn.) ; P/iifiria 
tekuborgi, LabM, eto.). 

KkMMa miuri9. Smith et 
' Johnston. 

Bmrm&if&Ui mmfri$ (Blan- 

«lMUKi). 

B. qg. pS isbold, 1868]. 

l^PSPKPMMK OMPPflMIMIfHi Tai* 

pmtoHi, BaiU. et Lncet 
Oi^moopora caryoiifiica, 

' Behand. 
PDiff0k/romopkiiM9 

pkontif DionisL 



Cnrtiee. 
Sartocydit UnsUa, BailL 

PircphMma ovi$ (sBabmia 

avi$f Staroovici). 
8aroo$ffai%8 miieoea (Blan- 

ehard). 
S, sp. [Pagenstecher, 1868]. 
CoeMium viride^ Labbi. 

C. ptr/brant, rar., Rivolta. 
Sarcoawtiit mieteheriana 

(Kuhn). 
Cydospora earyolytita, 

Schsud. 
Polychramophilus murinus, 

Dioniai. 
AchromaticuM vuptruginus, 

Dionisi. 
Sarcocysiia htitii (Blanchard). 

(?) Coeeidium eunieuli^RiY,). 

C, pwforamy var. [Kjellberg 
I860]. 

C, bigeminum^ Stilee. 

"JKmma" Aomtnif, Blan- 
chard. 

CooddioidUi immUiif Rixf. et 
Oilchr. 

Laverania malar%a€f Gr. et 
Fel. ; Plasmodium 

malarias (Lareran) ; 
Plasmodium wvax (Gr. 
etFel.). 

Sareoeystis lindemanni (Rir. ). 

S. immiiis (Blanchard). 
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LiTEKATURX OF THE SPOROZOA. 

The following list of references is by no means inteadii to bt a oompkto 
bibliography of the Sporosoa, but merely to be a gfiide to the literature of the 
group, especially to the recent advances in knowledge. Htnee, of tiie \mm recent 
works, only comprehensire treatises are cited, in which more or leas exhaastiTS 
bibliographical references will be found. BiUmidi [1] gfres a cofmplete biblio- 
graphy up to 18S2, and fTa^vnmil/^ [8] is a Taloable and ezhanstire snmmaiy 
of Sporozoan literature up to 1 898 inclusive. Bibliogmi^ies nore or leas eomplats 
are to be found in Jklaqt and H^rouard [2], LaM ^ and IMe [5], and fbU 
references to the recent literature of malarial parasites are giren by Sch audw m 
[04a]. References to current literature will be found im the ZooUgieal Mmord or 
in the Bihliographia Zooiogica published with the Z9olof%9tK$r Anuigtr. 

I. fFarki dialing wUh Sporosoa gtmrmllg. 

1. BlU$ehliy 0. S^iorozoa, in Bronn's Klassen umd Ordnangen des Thkrrelolia, 

I. (Protozoa), Abth. L pp. 479-616, pis. XKxiii.-xzxnii. (1882). 

2. Delage, K., and ff^rouard, E. Sporozoaires in Traits de Zoologia oonerMt, 

I. (Protozoa), pp. 254.802, figs. 401-467 (1896). 

2a. DofUin, F, Die Protozoen als Parasiten and Krankheitserreger, etc JeiM 
(Gustov Fischer), pp. ziii.+274, 1 p. bl., 220 figs. (1901). 

8. EagenmUUer] P. Bibliotheoa Sporozoologica. Ann. Mus. Hist. Nat. 
Marseille (2), Bulletin, t. L liyr. 2 ; also separate publ., Moullot Hit 
atn^, Marseilles, 4to, 288 pp. (1899). [Comj^ete bibliography of woika 
relating to Sporozoa published previoualy to 1st Jan. 1899.] 

4. Labb4, A, Sporozoa, in Das Tbierreich, Lief. 5. Berlin (Friedlander) ppw 

zx. +180, 196 figs. (1899). 

5. Luke, M, Ergebnisse der neueren SporosoenforschiiBg. Jena (Oustar Fiseiiw), 

pp. iv. + 100, 85 figs. (1900). 

6. Mesnil, E. Essai sur la classification et I'origiBe des Sporozoaires. 8oe. 

Biol. Paris, roL jubil. 1899, pp. 256-274. 

7. WatieUwskif V, Sporozoenkunde. Jena (Gastav Fischer), 1896, 16t pp. 

Ill figs. 

II. Oregarinida, 

8. CaulUry, M., et 3fe$nil, F, Sur une Gr^rine . . . pr^ntant . . . una 

phase de multiplication asporul^. C. R. Ac Soi. Paris, cxx? L 8, p 262 

(1898). 
8a. et Sur revolution d'un groupe de Gr^garines, etc. [SeUnidium], 

C. R. Soc Biol. Paris, (11), i. [li.] pp. 7 and 8 (1899). 
86. et Sur quelques parasites internes des Ann^lides [StUnidium 

and SiedUckia], Miscellanies Biol, dkliees au A. Giard (Trar. stat. zool. 

Wimereux, ix.), pp. 80-99, pi. ix. (1899). 

9. et Sur une mode particuliire de division nucl^ire chez les 

Gregarines. Arch. Anat. Microsc. iii. 2/8, pp. 146-167 (1900). 

10. et Le parasitisme intracellulaire ... des Gregarines. C. R. 

Soc. Biol. Paris, liii. 4, pp. 84-87 ; also C. R. Ac Sci. Paris, cxxxii. p. 220 
(1901). 

11. Cecconi, J, De la Sporulation de la '' MonocystU agilii,** Stein. Arch. Anat 

Microsc. T. 1, pp. 122-140, 1 pi. 
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IS. Ormdty, ff. Tht ProgrMnrt Moremtnt of Grtgftrinet. P. Ac Nat 80L 

Phfladelphia, 1902, pp. 4-20, pit. i., iL 
It. CSUmei^ X. Rtehtrohet tor I'^rolation et U ooigogaiaoB dM Or^garinet. 

Ar0h. BioL xriL 4, pp. 581.«52, pit. ZTiii.-zzL (1901). 
14. •/b^ofiMfi, E, AtUnoettpkalui ffonnunriitehii, %tc. ZooL Am. zviL pp. 

140-145, 4 figi. (1894). 
!§• JUbb^f A,, et BacovUm, JB, O, PUroapora meUdooMorum iLg., lutp. . . • 

pftTMite dM MftManifii. BulL Soe. Zool. I^ranoe, zziL pp. 92-97i 4 figi. 

(1897). 
18. Xoiwrofi, A.t tt Manila F, Bar qnelqiiet particularity da T^Tolntion d'oaa 

Gk^garine, ato. 0. R. Soe. BioL Paria, lii. 21, pp. 654-657, 9 figi. (1900). 

17. L4§ $r , L. Beclierohea lur lee Or^rines. Tablettes Zoologiqnea^ iii. 1, 3, 

pp. 1-182, pla. L-zziL (1892). 

18. Ck)ntribation k la eonnaiaiance dea . Sporoioairea. . . . iltode fiir 

la LiUuKydii tekimderi. Bull. Set I^rance Belgiqna, zzz. 1, pp. 240-264, 
8 pla. (1897). 

19. — '- Sur lea Gr^rinea dea Dipt^ree, ete. [Styloqfiti$]. Ann. Soe. Intom. 

France, Izviii. 8, pp. 528-588, 2 figi. (1900). 
80. Sar un nooreau Sporozoaire dea lanraa dea Diptirei [SchigoiyM], 

a R. Soo. Biol. Paris, liL p. 888 ; alM> C. R. Ac. ScL Paris, ozzzi. 18, p. 

722 (1900). 
21. La reproducUon sezn^ chez lea Ophiyocystis. C. R. Soo. Bid. Paris, 

lii. pp. 927-980 ; also C. R. Ac. Sci. Paria, cxzzi. 19, p. 781 (1900). 
21. Sur una nonyelle Gr^garine, etc. [Ag^regtUa eotlomua]. C. R. Ae. 

Soi. Paris, czzzii. 22, p. 1848 (1901). 
28. Note sur le d6?eloppemeiit dea 414meiit8 sezuels et la fioondatioii ehai 

le Stylorhynehui Umgicollis, F. St Arch. ZooL Szp. et G4ii., Notea at 

RaTue, (8), z. 4, 5, pp. Ixiv.-lzxiT. 11 figi. (1902). 

24. L4ff$r, L., et Duboaeq^ 0. Les ^l^ments sezuels . . . chez lee PUroMpAalut, 

C. R. Ac ScL Paris, czxzir. 20, pp. 1148, 1149 (1902). 

25. Ldgtr, X., et HagenmUlltr^ P. Sur la morphologie ... da VOfkryoeyati$ 

tchneideri n.sp. Arch. Zool. Xzp. et Qin,, Notes et Rame, (8), tIM. 

tL pp. zL-z1t. 2 %k (1900). 
25«. Prowazekf S, Zur Entwicklung der OregariBen. Arch. f. Protiatenkunda, 

I. pp. 297-805, pi. iz. (1902). 
28. Schewiakoff, IF, Ueber die Ursaohe der fortschreitenden Bewegnng der 

Gregarinen. Zeitachr. f. wiss. ZooL IriiL pp. 840-854, pis. zz., zzi. 

(1894). 

27. Siidleckiy M, rozwoju plciowym gregarinj : M<mocy$U$ atcidiaef R. Lank. 

(Ueber die geschlechtliche Vermehrung der ManocjfHis cucidiae, R. Lank.) 
BulL Int Ac. ScL Cracovie, Dec. 1899, pp. 515-587, pis. L, iL (1900). 

28. Contribution 2k T^tude des cbangements oellulaires provoqu^ par lea 

Gr^rinec Arch. Anst Microsc. ir. 1, pp. 87-100, 9 figs. (1901). 

29. Woliers, M. Die Conjugation . . . bei Gregarinen. Arch. f. mikr. Anat 

zxzYiL pp. 99-138, pis. v.-yiii. (1891). 

IIL Coecidiidia. 

80. Blanchard, Jt, Les Coccidies et leur rdle pathog^ne. Causeries Sci. Soe. 

Zool. France, L 5, pp. 183-172, 12 figs. (1900). 

81. Bonnet' Eymard^ O, Sur I'^folution de VEimeria nova, Schneider. C. R. 

Soe. BioL Paria, lii. 24, pp. 859-661 (1900). 
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Addendum to Bibliooraprt. 

The following memoirs hare appeared too late to be aoticed in the aboTe 
OTiew of the Sporozoaa orders. 

Bemdt, A, Beitriige z. Kenatniss der im Darme der Larre yon T§nsbrio molUor 
lebeaden Gregarinen. Arch. f. Protistenknnde, I. 3, pp. 876-420, pis. 
xi-xiU. (1902). 

[Three species are distinguished, and studied in detail : Ortgarina poly- 
morp?M (Ham.) ; O, curuala^ Stein ; and O. steini n.sp.] 

Blanehardf L. F. Gr^garine coelomique chez un Col^opt^re. C. R. Ac. Sei. 
Paris, cxxxy. pp. 1123, 1124 (1902). 

[IfonoeystU Idgeri n.sp. in Carahua aur<Uu8,'\ 

J(uquemet, M. Sur la Syst^matique des Coccidies des C^phslopodei. Arch. f. 
Protistenknnde, II. i. pp. 190-194 (1903). 

[The name L^gerina is proposed for Benedenia ; the genus is characterised 
by polysporous oocysts and by lacking schizogony ; it includes two speeiet : 
(1) L. oetopiana (Schn.), with from 6-12 sporozoites in the spore, ocoarrisf 
in Octopus vulgaris and Eledone moschata ; (2) L, eherthi (Labb^), with 8 or 
4 sporozoites, from Sepia officinalis. In both forms cysts are found eon- 
taining macrospores with niacros£K)rozoites and other cysts containing micro- 
spores with microsporozoites, perhaps representing a sexual differentiation 
thrown back to the earliest stages of the life-history.] 

LMd, A, Article Sporozoa, in Encyclop. Brit., 10th ed., yol. xxxii pp. 
814-818, 5 text-figs. (1902). 

[Gires a brief general account of the Sporozoa. The author appeals to 
use the word " macrogamete " in the sense of a female raerozoite ; see abore, 
p. 219, footnote.] 

iMHrafif A, Sur quelques H^mogr^garines des Ophidiens. C. R. Ac. Sei. Paris, 
exxxT. pp. 1036-1040, 13 text-figs. (1902). 

[The snakes in question are Aneistrodtm piseivoruSy Crotalus cot^ussUui, 
Nt^ tripudians, and Zamenis hippocrtpis; see List of Hosts, pp. 84i«84T.] 



36o UTERATVRE OF THE SPOROZOA 

Lamrafif A, Aa wajtt da r01« dtt TlquM duii 1* propagation daa PiroplaaBi< 
0. R. See. BioL Paria, It. 2, p. 81 (1903). 

[ControTorta tha aUtamanta and eonelvaiona of M^gnim (tVV«).] 
L%UBf A., and SpUndon, A. Uabar P^brina nnd rarwandta Hikro^oiidiaB« 
ato. a B. Bakt Pk. (1) xzxiiL pp. 150-167, 12 Uzt-figa. (lOOS). 
[Su Liat of Hoata.] 
Mignin, P. Da rdla daa Tiqaaa . . . dana la propagation daa Piroplaamoaaa. 
C. R. Soo. Biol. Paria, It. No. 1, and farthar notaa in following nombara 
(1908). 

[Contaata the rOla allaged to ba played by tieka in tranamitling tba 
infection of the PiropUuma (p. 282).] 
MtiMmr, R. Unteraachungen an Coeeidium cunieuli, I. Arch. f. Protiatankonda^ 
IL 1, pp. 18-72, pL iL (1908). 

[Each of tha four aporoblaata givaa off a " Schneiderian body** btfora 
becoming a apore. Each aporooyat haa a tiny micropyle. The aporaa 
liberate their aporozoitea under the action of the pancreatic fluid, not ondar 
that of the gaatric juice.] 
iVo, (7. Le Cycle ^volutif de VAcUUa munUi, etc T.c pp. 1-12, pL L 4 
text-figa. 

[The merosoitea deatined to form 9 gametocytea are diatinguiahable 
from thoae deatined to form 6 oella. Tha gametocytea are aharply diatinet, 
and form piaeocioua aaaociationa, but tha 6 gametocytea niay form 6 
gaaatai apart from tha 9 aall, b which eaae, however, the S gametaa 
aasa to Bolkiii.] 



THE PEOTOZOA (catUinued) 

SlCnON L. — ^THB INFUSORIA OR CORTIOATA HSTEROKARTOTA ^ 

This group is clearly marked off from other Corticata by the 
occurrence of cilia, stickers, or tentacles in the active phase of life 
of all species. A character which is of far greater morphological 
importance, howeyer, is the presence in each individual of two 
distinct nuclear elements called .the meganucleus and micronucleus 
respectively. 

The group is divided into two classes : — 

The Ciliata (Ehrenberg). 
The Acinxtaria (Lankester). 



The CSliata are either free or fxed forms with eilia disposed ia 
traets or bands on the cortex. 

The Acinetaria are fixed or sedentary forms provided with 
suckers or tentacles. They give rise to free-swimming individuals 
which are ciliated. 

Habits. — ^The habits of the animals included in this group are 
very variable, and may be conveniently studied as arranged in 
five categories, — ^the free-swimming habit, the creeping or crawling 
habit, the stalked fixed habit, the epizoic habit, the endozoic habit. 

The Heterokaryota with free-swimming habits principally 
belong to the group of the Ciliata. They may be found in pure 
pond water (Sptrostomum, Paramoecium sp., etc), swimming freely 
near the surface or hovering about the mud at the bottom, or even 
coursing about the water in the intermediate depths. A consider- 
able number of genera are marine. 

Their food consists principally of minute animal and vegetable 
organisms that they find floating in the water, but they will also 
seize and devour particles of organic matter set free by the 
dissolution of animal or vegetable bodies after death. Some 
species appear to find their maximum vitality in water containing 
putrefying matter, in which case their food consists chiefly of 

^ By a J. Hickion, F.R.S. 
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BuUrift. In aJl cues thej move with a good dwl of Mtivi^, 
■oraetimea with a uniform ipeed and lometimM with ihort ttaito 
and ilop* alternating with conaiderable ragularity. It may b« 
noticed that in anjr eaae one end of the animal'i bodf is habitually 
in front, and that when it wants to change the direction of iU 
progrea* it tuma round. Thi> enable* uj to speak definitely of an 
anterior and a poaterior and aa in the bilaterally lymmetrical metaioa. 
The two enda of the body are frequently bo much alike in form 
and u regarda the diipoaition of the cilia (many ^weies of 
Paramoecium) that in killed and preaerved ipecimena they an 
almoat indiatinguiahable. In many eaaaa, however, the Bnt«nor 
and may be diatinguiahed by being more pointed (S^rodonmm), by 
the eonapieuoui mouth (Prorodon), by the preaence of peculiar 
aensory cilia (Hypotricha), or by a ipedal 
collar (peristome) of long cilia on Uie margin 
of a spiral ridge (HmROTRicHa) round the 
mouth. It la not alwaya possible to defin* 
the limits of the dorsal and ventral aoifaeea^ 
aa the body may be almost spherical in ahapo, 
and Uie cilia may be of approximately 
equal length and evenly distributed on the 
surface. In auch forma, the progreaaioa of 
the animal is accompanied by a more or lest 
rapid rotatory movement round the long axia 
of the body. In other cases, however, the 
body ia iattened (Pa/ramoedum) and tha 
dorsal uid ventral surfaces fairly well de- 
fined. 

Am<mg those forms that habitually crawl 
or creep over aurfacea, the body is generally 
oral in outline and considerably flattened 
dorso-rentrally. A further peculiarity is 
frequently found in the specialisation of 
aome of the cilia to serve the purpose of 
locomotion, and perhaps alao the functions 
of touch and taste (Fig. 1, a and V). These 
cilia are usually called cirri, and are dis- 
tinguished by their thickened bases and con- 
(,,,„rt<Ao, siderable length. 

"'"' ' Among the sedentary forms there is a 

decided prevalence of more radially aym- 
MD* metrical ahapea, with a restriction of the 
'°'*- cilia to a definite ring or series of ringa 
round the mouth. It is in the sedentary 
forms, too, that we often find incomplete fisaion, leading to the 
formation of colonies of several individuals organically connected 
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together. Id some sedentary speciei, too, Aere is a secretion of & 
mucous substance, frequently strengthened by foreign partiotas, 
which serves as a protective tube or aase. This may be auto- 
Ihaoalous (Fig. 63), when the tube of ead individual is distinct, 




Onkrvdiwit liclkaniil, 
tMt. Dntl*h. FTMhwi 

or coenothecalous {p^rydvan. Fig. 2), when the secretions of the 
individuals composing a colony form a common test perforated by 
a series of tubes. 

A large number of the sedentary forms are epizoic. Some 
species of Eptsb/lis are found on t'le appendages or body wall of 
Cyclops and other small Crustacea, 
but in this instance the epizoic 
habit does not appear to be neces- 
sary, as the same forms may also 
be attached to water weeds or other 
objects. There are other genera, 
however, which are only found 
upon the bodies of living animals, ' 
and seem to be dependent on tlieir 
host for suitable conditions of exist- 
ence, — such are Dendroeometes and 
Sptriichona on the gills of Gammarus, 
KtntTOchffaa on the gills of Ijebalia 
(Fig. 3), and Cotkuniopsis on the 
gilts of Astacus. In these cases no 
special modification of structure can 
be attributed to the epizoic habiL 

A great many genera are ento f,c t. 

zoic in habit, being found only in KtmrcABMa lubainu, fnm ths nuuii- 
the intestines, bhidder. or blood of ffifrCl^u"*' "'" "™" ** "^ 
other animals. The remarkable 

consistency with which some of these forms occur in a particular 
situation in only one species of host, is similar to the partiality 
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•xhibited in thU reipect by many panailes belonging to other 
nlmni of the ftnim&l kingdom ; but eldiough the entotoic Infosona 
are frequently called penudtee, it ii doubtful whether this term ii 
oorreetly applied to them. The general conception of a pandta 
U an organism that get« ite food and protection at the expenee of 
Ita boat, and that when present in considerable numbers causes 
injury or weakness. 

Then is no evidence at present that the Infusoria feed upon 
anything exeept substances that would, without their presence, be 
Qjeoted from the body of the host ; and it is quite possible that by 
disintegrating certain substances in the alimentary canal, they may 
be advantageous rather than deleterious to their ^oata. The stnictura 
of the entoioio Infusoria is so varied that it is Visually impossible to 
recognise in them any special adaptation to their environment. 
The moulhless O^aliaa found in the bladder of frogs may owe ita 
Biany peculiarities of form to entosoic habits, but there is nothing 
of importance in the structure of Nyciolhenu, occurring in the 
rectum of the same animal, that can be regarded as associated with 
iU peculiar habitat. 

Some groups ni animals appear to afford much mmre favourablt 
conditions for the entoEoic Infusoria than others. They are nurelj 

absent from the rectum and bladder of adult 

Amphibia, the intestines of white ants and 
other Orthoptera are frequently crowded 
with Trichonymphidae, and the alimentary 
canal of cows, horses, and other hcrbivoroua 
mammalia support a large number of remarks 
able genera. In the coecum of the horse, 
Bundle has found no leas than thirteen dis* 
tinct species. {Cyclopoithium, Blepharocoryt 
(3 species), Fig. 4, Faraisolridta (3 species), 
Didismu (3 species), BvtscJUia, BUpharopnu- 
Ihrnm, BUpKamphaera, and BUpliancodaH.) 
They have not been found in the Cami- 
vora. In the intestines of man, BalanHdiMii 
miwUvm and Nytto&ena faba occasionally 
;; occur. 

SiZK. — The sine varies considerably. 
', Some of the elongated forms, such as Spin- 
I stumwm, may attain to a length of 3 mm. 
' when fully expanded, hut the more compact 
oval or rounded fonns rarely reach a greattf 
•lt« than I '^ miu. in their longest axis (e.g. Bunaria). The usual 
•iMi II Iwlwonii this aiu) 004 mm. in length {e.g. CinotocJahtm). 

'Vhe >uUunoe of the body is clearly d^erentiated into an 
ttttlefi Httxe aulid eoitioal sheath and an inner, semifloid 
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madulUry nilMUiic«. To th«ae Uie tenu axoplum and andofdMm 
iMpectively ue luiully applied by utthon, bnt, u pointed oat 
by Luikefter, it ii importuit that the pennuwnt arnuigeiiient of 
the living mbstuice in the Intubobu ahoold not be eoofonnded 
with the transitory arrangement of the particles fonning the 
azoplaun and andoplaun of the GnafOHTXA, and it is thsrefora 
adrisable to retain in this connection the terms "eortex" and 
"mednUa." 

GOBIXZ (Ectosan, Ectoplasm). — The cortex is, in its nmplert 
form, a dear, firm outer layer of protoplasm, bearing the oilia or 
■ackers, and showing no evidence of further differentiation even 
with the highest powers of the microscope. In tome of the larger 
Heterokaryota, however, three distinct layers may be recognised — 
an outer very thin skin, called the pellicle ; a ]ower«layer, usnally 
characterised by a series of vertical and parallel lines, called the 
alveolar layer ; and an inner layer of dear transparent protoplasm 
continaoiu with the medulla, and distingoished from it only by 
the scarcity of granules and the absence of food vacuoles. 

These three layers are in all cases organically continnons, and 
are rightly regarded as being built ap of living substance. 

The pellicle is rarely more thu 1 ft in thickness, but most 
frequently it ia so extremely thin as 
to be oijy just distingaishablc in 
section. It is apparently very tough, 
and where it is grooved or ringed 
it determines the outline of the 
body. In some forms it gives rise 
to hard hook-like processes, as in the 
parasite Tnchoima, or to a mailed 
annature, as in Colept (Fig. 6). 

The alveolar sheath is usually 
mnch more appa^vnt than the pell- 
iele, and is veiy frequently marked 
by longitudinal lines which are 
regarded as indications of specialised 
strips of contractjle protoplasm. It 
ia only in a few forms that these 
strips are sufficiently differentiated 
to be distingnished as specialised 

muscular fibrils. In such cases, ho*^ cw— »««. rt bh of um m.iM 
ever, they are enclosed in a canal HoioMoiia. ^, «m of th* » ran «r 
sunk beneath the general surface t%.- SX^"^ *^ ""^^ 
ti{ the alveolar layer, and sre called 

myoneme threads (Fig. 6). Of great interest are the myoneme threads 
occurring in particular parts of the body of some genera such as 
the sphincter of the peristome in Epu^%$, the "myophan" thread 
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JH the stalk of Pbrfietila, and tha remarkable myonenw band* for 
the retnction of the pwiitome in Cyekpotthitim. 

It ii \u1udl7 ibt alveolar iheath which bean the pigment of 
tboee fomu that are apeeially coloured, such aa the blue StenttHut 
of Sitntor cotruimit, but the colour may alio be due to pignenta in 




the pellicle or la tke medulla. It is in the tame layer iJiat tiia 
trichocyaU occur. These are deecribed more fuUy below. 

The inner layer of the cortex does not present any featuraa trf 
rery special intweet. It i* frequently quite inconspicuous. 

The McDULLi. — ^Thia part of the body is, in almost all eaaaa, 
the larger is bulk. It is usually semifluid in consistency, and 
exhibits a eonitant roUtory movement. In Tradeiivt (Fig. 7) 
and some others it exhibite a reticulate char- 
acter, with irregular branching pillars stretching 
from the centre to the cortex. In Dmdn- 
eomeUs among the Acinetaiia very fin* lines may 
sometimes be seen stretching from the arms to 
the region of the meganucleus, but in most 
, eases the particles composing the medulla saam 
to be freely interchangeable in position. 

The bodies held in suspension by tha 
medulla are very diverse and variable. Apart 
from the food vacuoles, contractUe vacuoles^ 
and nuclei, which are described in some detail 

• in another place, there are often to be found 

■ho^ng till nUcBiBtg a- pinnented Kranules, colourless spherules, crystal- 
luT invtopium. b, »,UiB line bodies, and smaller particles, which vary 
^c1Juci.'.ii^''pirr^«: >" »>« ">d number according to the state of 
K °0' nourishment and sexual condition of the in- 

dividual. 
The MmUh (Cytostom) is present in nearly all the Ciliata, tha 
parasitic Opaiim, 7'ridumi/mpKa, and one or two other genera forming 
interesting exceptions to the general rule. In the Acinetana thera 
is usually no mouth. 

In its simplest form the mouth is represented by a small slit- 
shaped break in the continuity of the cortex at the anterior end af 
the body. This can be opened for the reception of food, but in 
the intarvala of ingestion is kept closed (Enehelina, etc.). In other 
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forma the mouth, though still in its primitive potidon at the anterior 
«od, ia always open, and presents a dear passage from the exterior 
to the medulla (Prorodon) (Figs. 6 and 9). Id ToryuaUlla (Figa. 12 
and 66) there is a lip-like, supra-oral lobe projecting above the 
mouth, and in Traehelius (Fig. 7), ^Tottomum, and other genera, 
there is a long, pointed proatomial process. It is impossible to 
determine whether this proatomial process is rightly regarded as 
an outgrowth in front of the mouth, or whether it is due to a shifting 
baekwarda in the position of the mouth, but in such forms u 
ParanuMmm, and in the Hypotricha generally, the ventral position 
ot the mou^ can only be explained on the supposition that, in 
aeeordanee with the method of feeding, it has shifted ita position 
from tbe primitive one at the anterior end of the body. 

In most of the Ciliata very little differentiation can be observed 
in the protoplasm surrounding the oral aperture, but in a few cases 
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iDKJulla. (Attar SelMWiik^) 

a series of rod-like thickenings of the cortical pn^ 
toplasm guard the mouth. In Prorodm (Fig. 8), 
for example, there is a paling arrangement of sueh 
rods which appears to serve the purpose of keeping the aperture 
distended. In Urotricha these rods make an app&rtiiuB of a more 
complicated type sunk below the plane of the mouth, forming 
what might be called a pliarynx (Fig. 10). The mouth of the 
InfuBOria may be situated either at the surface of the corlez <a 
sunk to the bottom of a funnel-shaped depression usually called 
the vestibule, and on the slopes of this or in the neighbourhood of 
its margin many specialised differentiations of cilia or groups of 
cilia may be found (the paroral cilia) adapted to the function of 
driving the food into the mouth {BUfharoeoTys, Fig. 4). 

The mouth or the vestibule is sometimes overhung by one or 
two membmnous expansions of the cortex, the free edges of which 
are provided with a special row of cilia. In OperaUaria this 
membrane is like a lid or operculum which closes the aperture of 
the vestibule before the peristome is contracted. 
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Another noteworthy feature of the mouth region are the traele 
of trichocyste which are occasionally seen {fiillejp^ Amphdlepim) 
leading from the anterior part of the prostomial lobe to the moath. 
The specialisations of cilia and other structures in the region of 
the mouth of these animals are so numerous, however, that » 
description of the conditions met with in each geniis would be 
necessary to do justice to the subject 

There can be no doubt that in some forms, such as Bhpharoeorifi 
(Fig. i\ NyeMhenu (Fig. 56), eta, a definite cytopyge or eell-anni 
does occur; and in others (certain species of BnMimum) the anus 
opens into a groove-like depression of the surface. As » general 
rule, however, there is no definite opening of this character, and 
the undigested parts df the food are simply pushed through the 
cortex at some particular region df the body. 



Cilia, Cirri, Membranes, and Tentacles. 

In all the Heterokaryota there are to be found delicate proto- 
plasmic processes from the general surface of the body, whidi 
perform the function of locomotion and ingestion of food or of 
sensation. These may hare the form of very delicate and short 
whip-like threads, which are called cilia ; coarse, blunt^ or pointed 
processes, which are called cirri ; expanded, flattened membranes ; or 
the remarkable suckers and tentacles of the Acinetaria. 

It is not an unreasonable hypothesis that in the ancestral forms 
the processes had the form of cilia, and that in the process of differentia- 
tion of the Heterokaryote body, the cilia in certain regions became 
fused together to form cirri and membranes, or differentiated to 
form suckers and tentacles. The view that the ciliated body was 
the most primitive is supported by the facts that the genera of the 
class Ciliata, which are apparently the simplest in genial structure, 
exhibit no modification of their ciliary apparatus, and that in the 
highly differentiated Acinetaria the free-swimming buds are always 
provided with bands or tracts of unmodified cilia until they assume 
the sedentary habit. 

The cilia in their simplest form are composed of the clearest 
and most homogeneous kind of protoplasm, in which no granules 
nor fibrils of any kind can be discovered. They spring from the 
pellicle, and, as Biitschli has clearly shown, are continuous with it 
In many forms they undoubtedly appear to penetrate through the 
alveolar layer into the subjacent medulla, but this appearance can 
be best accounted for by the view that they are usually supported 
and influenced by a specialised thread of the cortical protoplasm 
attached to their seat of origin. They rarely exceed the extreme 
length of 16 fi, and they vary from 0*1 /a to 0*3 /a in diameter. 
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Tbeir parlicular arran^menl on the surface of the body is one 
of the chief characters used in classification, and vill be described 
under the several orders and sub-orders, but it ma; be mentioned 
here that when the cilia are arranged in definite rows or circlei 
they are not infrequently united at their bases by a very delicate 
membrane or webbing which may be called a membranella. 

In the remarkable parasites allied to Trichanymplia (Fig. 11), 
some of the cilia appear to be of re- 
markable length, and unlike ordinary "^^V ~~ - 
cilia in other respects. According to ^^^^^~'- 
Porter, the shorter cilia of the middle /p "■' M \ 
region of t^e body are mainly re- ' ' Jt^^iV ' 
sponsible foF.the active movements so nl^ ^^S^ i"-a 
characteristic of the parasite ; the r l^pi^^gj j , 
longer cilia, which cover the greater j'' "\KlV>-^^tf/ | 
part of the posterior region of the / VS* "^"7/ 'A 
body, vibrate but little, while the cilia / '\V j^ '■ 'VA 
at the posterior extremity are abso- / , i'n^^I^'' 'A 
lutely motionless. The function of rW ■''■.'■'■■■" M 
the motionless cilia appwars to be to ' !^ \ ''^\v\ 
entangle and hold particles of food 
which are subsequently ingested by 
the cortex of the body in this region. no. 11, 

In another parasite, Pyrsonympha rnrkmrnjiha aeitu, inidT. Tha 
verteiu (Fig. 84). the body is covered ^'i'*'S.^n'^,u'^^t"'£robTr"t." 
with a few short cilia, but an enor- 'M'*'"'^'",' "*i5"'"f' ''''"*?),"*• 

7* J V . «nd « poitorinr region wllh longellu. 

mously elongat«d and very delicate n. tb« nuci«ui; <>, KnnuiH of food, 
process, called the peduncle, at the p-jj^"" "■"« '-""f "'»'"'"«*•''"• 
anterior end, penetrates deeply into 

the epithelium of the host's intestine and fixes the parasite 
in its position. The nature of this peduncle is difficult to deter- 
mine, but it is probable that it represents an extremely specialised 
form of cilium adapted to the function it performs. This peduncle 
may be as much as 75 ^x in length and 1*5 /i in diameter. A 
similar peduncle occurs in the Holotrichous parasite Blepkarocaryt 
(Fig. 4). 

The cirri are very characteristic of the group Hypotricha, 
although occasionally found elsewhere. They usually arise from a 
broad base and rapidly narrow distally to an extremely fine point 
In section they may be round, oval, semicircular, or even polygonaL 
The cirri found on the margin of Euploki are regidarly frayed out 
at the ends, and the posterior cirri of the Oxytrichinae are very 
much flattened (Fig. 1). In many of the larger forme of cirri it 
can be shown that a bundle of very delicate lines or fibrils runs 
from the base to the apex. The nature of these cirri has been 
a subject of some discuuion among microacopista, but the view 
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advocated by Maupas that they Represent a bundle of fused cilia 
appears to be the most reasonable one to adopt. 

The membranes which occur in some of the Ciliata in place of 
cilia may be regarded as due to an increase in the membranellae or 
webbings which are not infrequently found at the base of the rows 
of cilia previously mentioned (Fig. 70). 

These membranes, however, are so delicate that it is difficult to 
find any trace of the individual cilia of which it is supposed they 
are mainly composed. The spiral membrane of Spiroehana (Fig. 22) 
is, in form, so similar to the spirally arranged rows of cilia round 

the vestibule in other CiUATA, and the collar- 
like membrane of Torquaieila (Fig. 12) is so like 
the crown of cilia in the allied genus Sirambidiwm 
(Fig. 65), that the burden of proof that they 
are not formed by the fusion or amalgamation 
of rows of cilia falls upon those who maintain 
their independent origin. 

In the AciNETARiA it appears that two 
ToniuateUa tfjpiai, phases of life reffularlv occur — a free-swimmine 

Lankester, (bund asao- ^, j <• * "^ i « ▼ ,«^ 

dated with the eggs of phase and a fixed or sedentary phase. In the 
Th^mduth ?■ ove?hn?ff former, cilia occur arranged in bands or patches 
SiiU)inijir*iobe****and ^^*<^^ ^^ ^^^ differ in any essential respect from 

there la a membranous thoSC found in CiLIATA. In the latter phaSO, 
Mnge on the circnmoral « ai_ m* j> i -f « 

diao. however, the cilia disappear, and a number of 

processes are formed which are 
called tentacles, suckers, or arms according to their 
shape, size, and general features. The morphology 
of these processes is not clearly understood. 

In Rhynceta q/dapum (Fig. 13) there is only one 
elongated process, ending in a suctorial extremity. 
This process is on the one hand similar to the 
suckers of other Acinetaria, and on the other hand 
might be regarded as the attenuated hypostome 
bearing the mouth of this remarkable form. If we 
regard Rhynceta as a primitive form, the suckers of 
the Acinetaria might be regarded as formed by a 
multiplication of the mouths and h3rpostomes of a 
remote ancestor similar to Rhynceta^ and the tentacles 
and arms as modifications of these primitive 
hypostomes. Such an elaborate hypothesis is not 
necessary, and there is no reason why all these AdSeUrtTn^th^S 
processes of the Acinetaria should not be regarded a "nucilSi*^- ? *wnl 
as highly specialised cilia or cirri. tractile Vacuole. 

The simplest forms of tentacles are delicate 
pointed processes which in their fully extended condition have 
the same appearance as large cilia or small cirri They differ 
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from cilia, however, in their movemente, which are intennitteab 
and relatively alow, and alao in their considerable poirers ctf re- 
traction, which is accompanied hy the 
appearance of a spiral ridge (Fig. 14). 
According to iome authors there 
is a further difference from cilia in 
the presence in the suckers of a cen- 
tral lumen or canal. It is quite 
probable that the protoplasm in the 
axis of the tentacles is more fluid 
than at the periphery, and therefore 
gives the appearance of a canal ; but 
it is very improbable that in any ^°- i*- 

forms a true open lumen occurs. Bp*eWaj™™ij»iro,H»rtwi«,»>taik«d 

The suckers diner from the ten- «icii«n on th» dbc. », \>, wncneuis 
tacles in being usually uniformly Jj^* <**" ^ Hm(«i«.) x loe. 
cylindrical in shape, and by ending 

in blunt, swollen, or cup-sbaped extremities. They are frequently 
extremely extensible (Fig. 15), and exhibit during retraction a 
spiral thickening similar to that of the tentacles. 

_ The arms of DendTocomeks (Fig. 65) and Styloametei 

have probably arisen by the fusion of bundles d 
tentacles or suckers. They bear at their extremitiei 
short papillirorm or filiform processes which perbapa 
represent the free ends of the individual tentacles of 
which they are composed. 

The retraction of the tentacles or suckers may b« 
rapid or slow, and very frequently during the retractioD 
a spirally arranged ridge appears on the surface, which 
may be regarded as the specially contractile filament 
of protoplasm which is concerned in the retraction. 
The arms of Dendrowmetes and Styloeometa are also 
occasionally withdrawn to the level of the general sur- 
face of the body, but this process takes from two to 
three hours to accomplish, and is not accompanied by 
any spiral thread appearance. 

Trichocysts occur almost exclusively in the Holo- 
tricha. They are spindle-shaped rodlets situated in the 
cortex close to the pellicle, having the power of suddenly 
shooting out a thin thread-like process when influenced 
rm. li. by certain stimuli. In Paramxcivm (Fig. 46) they are 
fr*"^Ae^*^ 4 /< in length and in DiUplva 12 ^ but no further 
uriHi. (Aftxr details of their structure have been satisfactorily de- 
^sm! scribed. In a few instances it has been observed that 

the exploded trichocysts have had a paralysing effect 
upon minute organisms, and by analogy it may be assumed that 
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this is usually their function in the Holotricha; but it is quite 
possible that in some cases they may be used primarily or entirely 
as organs of defence. In Paramoecium (Fig. 46) they are evenly dis- 
tributed in the cortex. In Prorodon they are confined to the anterior 
end, and in the Amphileptina to the ventral side of the body. 

In Epistylis umbMaria among the Pbritricha large oval nemato- 
cysts 85 /A in length have been described (Fig. 75). They bear a 
thread which before the discharge is coiled up in a capsule in the 
manner of the thread in the Coelenterate nematocyst Whenthe 
nematocyst lias exploded, the thread is eight to ten times the length 
of the capsule. It is a remarkable fact that neither nematocysts 
nor trfchocysts have been hitherto found in any other genus of the 
Peritricha. 

NuCLEL — ^In a large number of the genera included in the 
Heterokaryota two distinct kinds of nucfei have been observed, 
which differ from one another not only in size, but in form, structure, 
and mode of division. They are called Mega-nuclei and Micro-nuclei 
respectively. The micro-nuclei are frequently so small and so 
difficult to distinguish from other particles in the protoplasm which 
are stained by nuclear dyes, that their existence has been repeatedly 
denied in species {Dendrocomeks paradoxa, etc.) in which they are 
undoubtedly present The research of the last few years points to 
the conclusion that all the Ciliata and Acinetaria are Heterokaryote. 

The Meganucleus ( = Macronucleus). 

The shape of the meganucleus ^ varies greatly in the order. In 
some genera, such as Paramoecium (Fig. 46), Triehonympha, and others, 
it is either oval or spherical in shape during the whole of the 
resting-stage. In Carchesium, Forticella, and others it is much more 
elongated, and assumes the form of a curved or bent sausage. In 
Stentor (Fig. 44), Spirostomum, and others, it is moniliform during the 
resting-stage, but contracts into an oval shape before normal fission 
occurs. In several genera of Hypotricha and Holotricha the mega- 
nucleus divides repeatedly after, or in some cases just before, fission, 
and ultimately breaks up into numerous minute fragments scattered 
through the medulla. This condition of fragmentation persists until 
the animal is ready for another act of fission, when the fragments of 
the meganucleus fuse together again into a single spherical or 
oval body (Figs. 16, 17, and 18). 

A similar phenomenon of fragmentation of the nucleus has been 
observed in the genus Opalinopsis (Fig. 19), but in this case unequal 
fission may occur without the return of the nuclear fragments to 
form a single compact mass. 

^ The prefix meg&- (Greek /ie7at=big) is preferable to macro- (Greek fuucpotss 
long), and ii lets readily miataken for micro-. 
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Among the Acinetaria many curious forms of meganucleus have 
been described. In full-sized specimens of a species of Epkelda 
(Fig. 20) the meganucleus has the form of a jring situated in a plane 
parallel with the crown of tentaclea From this ring several knob- 
like processes project, some turned towards the crown and others 
towards the stalk. 

In another species described by Ishikawa the meganucleus of 
the adult is in the form of a coarse-beaded network (Fig. 21). In 
Dendroscma it is a thick smooth band occupying the axis of the 
branches. 

In some cases remiyrkable changes in the shape of the mega- 
nucleus occur which seem to have no connection with the repro- 
ductive processes. In DendrocameteSy for example, it may take the 
shape of an elongated spindle and move to almost any position in 
the cytoplasm. It has even been seen to retreat entirely into one 
of the arms. It may also be assumed, from its very irregular form 
in many 8r*ecies of AeinetOy Ephehta^ and other genera, that the 
meganucleutf normally undergoes amoeboid contortions during the 
whole period which elapses between successive acts of reproduction. 

Very different accounts have been given of the minute structure 
of the meganucleus in the group. It is clear, however, that at least 
two elements enter into its composition — a substance that may be 
called the Chromatin, having a great affinity for ordinary nuclear 
stains ; and a substance which resists nuclear stains, and may be 
called the Achromatin. The chromatin is usually in the form of a 
close-meshed network of fibrils extending through the whole space 
occupied by the meganucleus, and it gives with low powers of the 
microscope the appearance of a crowd of granules. Under unfavour- 
able circumstances this network may be gathered up into a series 
of bunches, and each bunch may be ultimately torn away from its 
neighbours, giving the chromatin the appearance of being arranged 
in a series of irregular and frequently vacuolated granules. If the 
unfavourable circumstances continue, disintegration of the mega- 
nucleus may follow, but recovery from the granular condition is 
quite possible, and the chromatin may again resume the form of 
an evenly distributed network. Changes in the shape of the mega- 
nucleus may lead to the deceptive appearance of change in structure. 
Thus the meganucleus of Dendrocometes when it assumes the spindle 
form appears longitudinally striated, and in its constriction during 
bud-formation there is an appearance that might be mistaken for a 
row of independent fibres in the narrowest part of the neck (Fig. 31). 
Careful analysis of these striae and rod appearances proves, however, 
that in all cases they are due to a rearrangement of the meshes 
of the primary network. Local thickenings of the fibrils of the 
chromatin network frequently occur, and in some forms acquire 
considerable size, but it seems probable that chromatin granules 
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3ntirely disconnected from the network only occur in a few 
forms. 

In Spirochtma there is a remarkable arrangement of the elements 
of the meganucleus, the chromatin being collected into a thin, saucer- 
shaped mass, leaving a spherical space of clear achromatin in which 
during the resting-stage a large deeply-staining spherule occurs (Fig. 
22). The nature of this granule is very uncertain. By Balbiani 
it was regarded as combining the characters of the centrosome and 
nucleolus of the Metazoan cell. Before the division of the mega- 
nucleus (Fig. 23) it disappears, and cannot be traced again until 
after the separation of the daughter meganuclei. In this respect 
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Fio. 32. 

5piroe)tona0eiiMitoara, Stein, flrom 
a stolned prepftntion, to show the 
ineaanadeoB (If ) in a state of rest 
and one micronacleos (m). Size 
about 0*06 mm. in length. (Original.) 



Fio. 28. 

Spinchofna gtinmipara daring the 
formation of a gemmula, showing 
that, during the division of the 
meganucleus, the nucleolar body is 
absent. (From an original prepara- 
tion.) 



it undoubtedly claims to be ranked in the category of nucleolar 
structures ; but its claim to rank as a centrosome as well is, for 
many reasons, unsatisfactory. 

It is still an open question whether any of the meganuclei are 
surrounded by a definite membrane of a distinct texture. The 
appearance of a membrana limitans, which may be seen in all 
stained specimens mounted whole, is not always seen when the 
meganuclei are cut into thin sections, and it may therefore be 
accounted for as an optical effect due to the difference in density 
between the nucleoplasm and the surrounding cytoplasm. This 
explanation, however, will not account for the facts observed in 
all cases, and it seems to be certain that a membrane of a distinct 
chemical character is formed between the nucleoplasm and cyto- 



376 THE INFUSORIA 



plasm in some species. It is, however, always extremelj thin and 
flexible. 

Ths Micronuclius. — Whilst it cannot yet be said that a 
micronucleus has been proved to exist in all Giliata and Acinetaria, 
the careful researches of recent years renders it extremely probable 
that one or more micronuclei form an essential feature of their 
organisation. The difficulty of determining this important fact 
with certainty is that^ during the long period of rest which the 
micronuclei pass through between the acts of fission, gemmation, or 
conjugation, the chromatin, as well as the achromatin, elements 
shrink into such a small compass that they are not easily seen. 
The usual appearance of a micronucleus in the resting-stage is that 
of a minute irregular granule lying in the centre of a perfectly clear 
vacuole. No lines nor dots can be seen in the vacuole, but it seems 
probable from events which occur during division that the clear 
substance contained in the vacuole is the same as the achromatin 
of \^^ karyokinetic figure. 

The size of the micronucleus in the resting-stage is rarely more 
than 10 /ii, but more frequently it is 1 /li or even less in diameter. It 
is 2 /A in DendrocameleSy 4-5 fx in Frarodan, and 12-14 fx in Para- 
moecium bursaria, in which species it seems to reach its maximum 
size. 

The staining reactions of the micronucleus in rest are the same 
as those of the chromatin of the meganucleus. 

The number of micronuclei in the individual varies considerably. 
In most species there is only one (Paramoedum caudaium^ Colpidium 
colpoda, Vorticella monilataj etc.) ; in others there are normally two 
{Paramoedum aurelia\ or three {Spirochona\ or any number up to as 
many as twenty-eight {Stentor roeselii). The number is not always 
constant in the same species. Maupas, for example, found three 
micronuclei in some individuals of Paramoedum aurelia. In Den- 
drocomeks the number varies from two to five ; Spirochona gemmipara 
has, according to Hertwig, normally three micronuclei ; but in several 
specimens examined in Manchester, Hickson could only find one. 

Division of the Nuclei. — There is a very important difference 
to be observed in the division of the meganuclei and micronuclei 
The meganuclei divide only during fission or gemmation, except in 
those cases mentioned above in which the meganucleus breaks up 
into a few or many pieces, after fission of the individuals. In all 
cases the division is strictly amitotic. In some cases a concentra- 
tion of the chromatin occurs along lines parallel with the longer 
axis of the meganucleus, giving the appearance of longitudinal 
striations or thin delicate chromosomes with anything but the higher 
magnifying powers. In some cases (Spirochona) these lines are 
crowded together at the narrowest part of the constriction, and 
may have the appearance of a broad equatorial plate. In Spirochona 
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(Fig. 23) and KeTUrochana we also find a clear globule of achromatin 
substance at the poles, but there are no true linin fibrils. In most 
cases the meganucleus in fission or gemmation divides by simple 
constriction into two approximately equal parts, but in Opalinopsis 
(Fig. 19) and Anoplophrya (Fig. 30) it divides into a number of 
unequal parts, and in Ephdota (Fig. 20), Fodaphrya, and others a 
number of pieces are constricted off from it, each of which gives 
rise to the meganucleus of a bud. 

The division of the micronucleus is always mitotic. The first 
changes that are noticed are increase of size and the resolution of 
the chromatic granule into a network of anastomosing fibrils. The 
increase in size is usually considerable. In Cdpidium^ for example,- 
the diameter increases three- or four-fold (Hoyer). In Dendrocomeies 
the micronucleus increases from 2 fi to 10 fi in diameter. 
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Fio. 24. 



DUgnm to illustnite the structure and divUion of the nuclei of the Infusoria. 1, a micro- 
B«d«as in a state of rest, oonsisting of a spherule of chromatin in a clear vacuole ; S, formation 
of the spindle of linin fibrils, with a band of chromosomes on the equator ; 8, the chromattn 
Mparat4Hl into two compact masses at the poles of the spindle ; 4, formation of the vacuole 
round the chromatin, and dissipation of the spindle ; 5, a spherical meganucleus in a stats 
of reat; d, elongation of the meganucleus previous to division ; 7, constriction of the mega* 
noeleus ; 8, division into two daughter meganuclei. 

After the increase of the micronucleus in size is completed, a 
clearly-defined spindle of linin fibrils appears and the chromatin 
network breaks up into a number of small chromosomes arranged 
in an equatorial plane (Fig. 24). The chromosomes are so small 
and their number is so great that they can neither be accurately 
counted nor their method of fission determined. It seems probable, 
however, that the two parties^ wliich travel towards the poles are 
exactly equal in number. No satisfactory accounts have yet been 
given, in the division of the micronucleus, of structures correspond- 
ing with the centrosomes of the karyokinetic figures of other cells, 
and in many cases that have been very carefully investigated 
centrosomes are certainly absent. It is one of the most striking 
features, perhaps, of the nuclear phenomena of the Heterokaryota 
that centrosomes do not occur. The two parties of chromosomes 
travel with considerable rapidity to the poles of the spindles, and 
there, in many cases, they become compressed into a tiny compact 
mass, leaving the spindle between them free from chromatin. The 
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spindle is, in this condition, frequently very much elongated, 
stretching more than half-way across the medulla. In Dendro- 
eometes it is at this stage as much as 30 |i in length (Fig. 31). The 
spindle disappears suddenly and seems to be completely abeorbed 
by the cytoplasm immediately, or very soon after, it is disconnected 
from the chromatin granules at the poles. 



The Nuglbi of Opalika. 

If the current views concerning the nuclei of Opalina are trustworthy, 
this gepus should no longer be regarded as a member of the Hetero- 
karyota. Opalina possesses, according to Pfitzner and others, a large 
number of meganuclei, but no micronuclei. Moreover, the meganudei 
divide by a typical process of mitosis. These views may possibly be 
erroneousL Thin sections of Opalina that are suitably stained show, in 
addition to the numerous meganuclei, a laige number of small bodies 

containing chromatin. These are probably 
micronuclei (Fig. 26). The meganuclei divide 
sometimes amitotically, and it is probable that 
they always do . so. The mitotic figures dis- 
covered by Pfitzner are clearly seen in a large 
number of sections examined, but they are 
smaller than the meganuclei and are probably 
'^ formed by micronuclei which, as in other forms^ 
increase considerably in size before division. 
The matter requires, however, further investi- 
gation. 
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Contractile Vacuoles. — ^The contrac- 
tile vacuoles occur in all Heterokaryota 
except in Opalina, OpalinopsiSj some of the 
marine Hypotricha, and a few others. They 
are simply spaces formed at some localised 
spot or spots in the medulla by the accumu- 

o^H^lana^m"^ x^wX ^^^^^^ ^^ * ^^^^^ ^^ ^^^^ discharge their con- 
f£^ ?lv ^"^ 'meganuclei tents to the extcrior when they have reached 

(ir)and the numeroua minute , /. -^ v -^ r • mi a -j xL j. 

chromatin bodies (m\ which a definite limit of size. The nuiQ that ao- 
(oJiK^^^* micronuclei. ^^^^i^^ j^ ^hese spacos is probably charged 

with waste products of the metabolism 
of protoplasm. Although the positions in which these vacuoles 
appear are fairly constant for each individual, they have no 
proper walls, and must not be regarded as definitely formed 
organs. The number varies enormously in the group (I -100 or 
more), and when there are more than three or four in any one 
species the number may vary in the individual (Fig. 26). In some 
of the large species the number of the contractile vacuoles increases 
with the size and age of the individual, but in Nassula, Dendro- 
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amiUt, and others which reach a ooosiderable size there is never 
more than one. 

In the majority of cases the contractile vacuole is spherical in 
shape and situated in the medulla. It slowly 
expands (diastole) until its periphery comes in 
contact with the pellicle at the surface, when 
it instaDtaneouely coUapses (systole). In some 
forms (Spirotiomutn, etc.) a long canal may be seen, 
towards the close of diastole, to be connected 
with the spherical vacuole. Tliis appears to be -. 
formed by the fusion of a row of small secondary 
vacuoles stretching from the anterior to the 
posterior end of the body. In Stentor the con- 
tractile vacuole has a very elongated, rod-shaped 
form (Fig. 44). 

In the VoRTiCELUDAK it is situated in the 
neighbourhood of the vestibule, but instead of 
opening directly into it when systole occurs, it 
Opens into a reservoir which is in communica- 
tion with the vestibule. In Blepharowrgs (Fig. 4) 
and some other forms the contractile vacuole opens 
into the passage which leads to the anus. In 
ParaTitoedum (Fig. 46, 3) and a gre:^t many other ^f , 
forms a series of six or more canals or spindle- 
shaped secondary vacuoles appear in a radiating ciie ivuoih. (Afur 
form round the principal contractile vacuole, and ^"'^''"■* 
may be seen to discbarge their contents into the primary vacuole 
immediately before its collapse. 

There can be little doubt that the function of the contractile 
vacuole is primarily the excretion of waste products, but by assisting 
the osmosis of fresh water through the protoplasm it may be 
regarded as being also respiratory in function. As shown by 
A. O. Bourne, when anilin blue is added to the water in which the 
animal lives, the contents of the contractile vacuoles are deeply 
stained. 

The systole of the contraotile vacuole is not caused by any 
active contraction on the part of the protoplasm of the medulla, 
but, according to Butschli, it is due to the physical attraction of 
the small droplet of fluid to the mass of water at the periphery. 
It is of the same general nature as the phenomenon of capillarity. 
The action cannot take place until the vacuole has, by its diastole, 
reached the periphery, and the drop of fluid is thereby brought 
into contact with the surrounding medium. 

The rapidity of the successive contractions of the contractile 
vacuoles is variable. According to Kossbach it always increases 
with a rise in temperature. In Euplota tAoron the interval! 
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between each contraction were 61 seconds at 5^ 0, and regularly 
diminished to 23 seconds at 30^ C. In StylonycMa Uiey diminished 
from 18 at d'' C. to 4 at 30"* C. 

Digestion. — ^The food of the Ciliata usually consists of minute 
organisms such as Bacteria, other Infusoria, etc., or particles of 
organic substance which are able to pass through the mouth into 
the medulla. As they enter the medullary protoplasm they are 
accompanied by a globule of water and give rise to the so-called 
food vacuoles. The food vacuoles pass along a definite course 
and ultimately reach the anus, or some position in the cortex 
where a temporary anal aperture can be formed. If a Carchetnun 
(Fig. 27) be fed with finely -powdered food material that 
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Fio. 27. 

Diafcnra of CarcheHum to show the 
course taken by the food vacuoles. 1, 
the region of ingestion ; 2, of aggrega* 
tion ; 8, of solution ; 4, Section. lit 
the me^nucleon. (After Greenwood.) 



Fio. 28. 



Four stages in the food vacuole of a 
CarcheHum fed with white of egg and 
Indian ink. A^ immediately after In* 
gestion ; B, first phase of aggregation ; 
C, second phase of aggregation ; X>, iuat 
before Section. (After Greenwood.) 



is Stained, the following changes can be observed. Shortly 
after ingestion the particles are aggregated into a lump at the 
centre of the vacuole by the centripetal flow of a liquid from the 
surrounding cytoplasm. A secretion of an acid into the vacuole 
then occurs and the food particles undergo partial solution 
(Fig. 28). In the next stage absorption of the dissolved food 
into the protoplasm takes place, and then the vacuole, with the 
undigested remnants, travels to the region of the vestibule, where 
a temporary anus is formed for the discharge of its contents. 

In the mouthless Opalina the food is probably absorbed in a 
liquid form from the surrounding medium. In some of the 
Trichonymphidae solid food is entangled by the motionless cilia at 
the posterior end of the body and then enveloped by the proto- 
plasm in an amoeboid fashion. 



THE INFUSORIA 



3S1 



Rkproduction. — In the simplest forms of Infusoria tho mode 
of reproduction in the motile phases of life ia simple transverse 
fission, but in the higher forms other methods of division occur 
which are usually called longitudinal fission, simple gemmation, 
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multiple gemmation, and spore-formation respectively. All of these, 
however, are probably modifications of the same essential process, 
which consists in the division of the three elements of the body — 
cytoplasm, meganucleus, and micronucleos — into two or more than 
two parts. 

In Paramoedvm and Sit/lonydm, which may be taken u example* 



382 THE INFUSORIA 



of HoLOTRiCHA and Htpotricha respecdvelj, fission is preceded 
by the formation of a second mouth (Fig. 29, IX uid the growth of a 
new set of cilia or cirri round and in the neighbourhood of this 
second mouth, similar in size and arrangement to those in the 
neighbourhood of the original mouth ; and by the division of the 
contractile vacuole. In the next phase the micronucleus or micro- 
nuclei enlarge, then elongate and show the characteristic features 
of their mitotic division. Next^ the meganucleus elongates and 
becomes constricted in the middla While these changes in the 
nuclei are taking place, a constriction of the cortex appears at a 
point which is approximately half-way down the longitudinal axis 
of the body. The micronadei, the meganucleus, and finally the 
protoplasm of the body, then divide in succession, and the two 
individuals that are formed separate and swim away. In the 
process thus described the cortical protoplasm apparently leads the 
way by the formation of new cilia and a new mouth. On the 
other hand, the micronuclei have usually formed the mitotic figure 
before actual constriction of the body is apparent. If the minute 
structure of the meganucleus be examined in the earlier stages of 
fission, it may be noticed that it also is not indifferent to the changes 
going on elsewhere. It is therefore impossible to state with 
certainty that either the nucleoplasm or the cytoplasm of the 
organism initiates the process; in fact, it seems probable in the 
present state of our knowledge that the impulse to divide affects 
all parts simultaneously. 

In Spirostamum and Condylostoma the very much elongated 
moniliform meganucleus is contracted into a short rod-like, form 
before fission occurs. In St€niai\ too, fission is preceded by a 
contraction of the long moniliform meganucleus (Figs. 44 and 29, 2} 
into a thick spherical lump ; but the meganucleus again elongates 
and divides transversely into two moniliform bands before the act of 
fission actually takes place. In Qxytricha (Figs. 16, 17, 18) and 
some other Hypotricha the meganucleus during the active phases 
of life is scattered in the form of small granules through the medulla. 
Before fission takes place these granules collect together and fuse 
to form a single lump. This consolidated nucleus then di>ndes once 
or twice, and fission of the whole body follows. 

Fission is not, however, always preceded by the fusion of 
scattered meganuclei or the contraction of elongated ones. In 
Opdina the scattered meganuclei appear to be indifferent to the 
division of the body, and in Opalinopsis (Fig. 19) and Anoplophrya 
(Fig. 30) the meganucleus divides into fragments, one or more of 
which become the meganuclei of the daughter individuals. 

In Paramoecium and most of the HoLOTRiCHA the transverse 
fission results in the production of two equal individuals, but in 
the transverse fission of Stentor and other Heterotricha the anterior 
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or oral extremity is decidedly smaller than the other. In Hqpliio- 
phrya the division is also unequal, but the smaller individual is at 
the end usually regarded as the posterior end. 
In Anaplophrya noduUUa there is multiple transverse 
fission (Fig. 20), the result being one large in- 
dividual and four or five smaller ones. Siimlarly 
in Opalinapsis the posterior end of the body gives 
rise to a series of small individuals which constrict 
off from the parent. 

The mode of reproduction in Spiroehana is very 
remarkable. A large lump grows from the body 
wall just behind the spiral membrane (Fig. 23), 
and this increases until it reaches a size almost 
as large as the parent form. -Judging from ex- 
ternal appearance alone, it might be considered 
that this is a process of gemmation essentially 
different from the transverse fission of the HOLO- 
TRICHA, but the meganucleus and the micronuclei 
divide equally during the growth of the so-called ^,j<,pf^ .^^ 
bud, and no difference can be observed in size or Zata,o.F.Mu{ier,fh>m 
quality between the nuclear portions that are dis- chL*2j^iwuM unl 
tributed to the two resultant individuals.* The HSt* ■?*S?^2L*'^* 

. , - /• • Doay ana aiviiioa 01 

process cannot therefore be separated from fission, the eionnted men. 
notwithstanding the fact that the manner of out^^vioos conoen! 
growth of the parent antecedent to reproduction ^^^^ '^SS^ctS 
is very exceptional. In the Vorticbllina the ▼•cuoiee. (After cup. 
manner of reproduction is usually designated 160. 
longitudinal fission. The external phenomena 
begin with the division of the spiral zone into two equal spirals, 
and proceed through the disc to the stalk, and may (in some of 
the solitary forms) continue to the base of attachment, or (in the 
colonial forms) be arrested before the attached end of the stalk is 
reached. In the majority of the solitary Vorticellina the stalk does 
not divide. The left daughter individual develops an aboral ring of 
cilia and swims away, whilst the right daughter individual remains 
with the parent stalk intact. 

There is not any morphological distinction between the longi- 
tudinal fission of the Peritricha and the transverse fission of the 
HoLOTRiCHA. It is very probable that, if there is any justification 
at all for the comparison of the body axes of such simple forms of 
life, the longitudinal axis of Peritricha is homologous with the 
dorso-ventral axis of the Holotricha, and the fission is from a 
morphological point of view a transverse fission. 

The examples of unequal transverse fission which have been 
quoted as occurring in Heterotricha lead to the consideration of 
an interesting modification of the process which occurs in the 
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AaMETARU. The simple fission into tvo approximately equal 
halves occurs in a few limple forms only in this class {Sphj^raphrya, 
etc.) ; in others (some forms of AHnela, Tokophrya (Fig. 29, 4), etc.) 
the smaller of the two segments is 
enclosed in a pouch-like cavity of Uie 
larger segment. 
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In DendroeOTneUi (Fig. 31) the difference 

in size between the two aegments is even 

more pronounced. The three micronaclei 

undergo their phases of mitosis preparatory 

t« division, in a plane at right angles to 

. the gill of the host to which the animal 

' is attached. The meganuclens becomes 

npruenti elongated and then sends out a broad 

ini.-of-ti«- h.i«« B^nnfuirU' Sf"?"!^''^ P^T* " v*" '^' directton. 
mgunucleua (M) bu brgan to con. While these nuclear changes are taking 
^tt^'flSjSSlST.rmfii^*'"' Pl»<=«. » '^'"''«'. ttansverselystriated band 
appears in the protoplosni, which is con- 
tinued afler division of the nuclei into a complete circle embracing three 
mtcronuclei and one meganucteua. The protoplasm enclosed by this band 
is then detached from its surroundings and rotates slowly for a time by 
means of an equatorial girdle of ciliik It then breaks through the body 
wall of the parent and swims away. This remarkable ciliated daughttf 
segment may be called a "gemmula" (Fig. 86). 






In Dendrosoma (Fig. 32) 
several daughter segments en- 
closed ID incubatory pouches 
are formed in different parts 
of the branching body at the 
same time, and these cannot be 
regarded as essentially dis- 
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tinct in their nature or in their mode of fonnation from the 
sin^e internal daughter segment of Dendrocottuta. The reproduc- 
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tioD of Dettdrosoraa therefore appears to be a process of multiple, 
internal, unequal fission. In several species of Epkelola and 
others, not one but several small daughter seg- 
ments are formed simultaneously (Figs. 34 and 
21) at the free extremity of the body, and 
these are liberated when they have reached a 
certain size. 




In the literature of Acinetaria the tmaller 
daughter legmenti receive the names " bads," 
"gemmulae," or "embryos," and the processes by 
which they are formed are called internal or 
external, multiple or simple, gemmation. Whilst '"' 

recognising the utility of retaining such a name as ...^^^.^.^IJc^^ 
gemmulae for them, it must not be forgotten that the for libenuon. (Prom an 
process of gemmation in the Heterokaryota is essen- Jl'S!Son'''b''''6rI"'*l»h- 
tially the same as that of fission. wonfa.) 

Encystmbnt and Spore-FOSHation. — ^There can be no doubt 
that a very large number of the Infusoria have the power of 
encystment. The encyatment may be accompanied by reproduction, 
a large number of small individuals being formed during the period 
and escaping from the cyst wall at the end of it, or it may be 
simply a resting-stage from which only one individual escapes. In 
many Ciliata {Colpoda, Prorodon, etc.) both kinds of cysts may 
occur in the same species, and it is difficult to draw any definite 
line between them, but in the majority of species it seems probable 
that the cysta are either purely resting cysts or reproductive cysts. 

Encystment may be caused by the concentration of the salts in 
water previous to drought, as proved experimentally by Cienkowsky ; 
by the diminution in the food supply, as proved by Maupas for the 
OxYTKicHiSAE ; or, in the entozoic forms, by the change from their 
natural habitat into fresh-water. Encystment is never, in any 
Ciliatit, a necessary Sequence of conjugation. In the process of 
encystment the cilia are withdrawn and the protoplasm of the body 
contracted into a spherical or elliptical shape, while one or more 
walls are secreted by the pellicle. The outer wall or ectocyst may 
be soft and gelatinous aa in certain Vorticellina, or it may be hard, 
facetted, or thomed (Fig. 73). The inner walls or endocysts are 
usually thin and membranous. 

The resting cysta are capable of resisting the effects of dry air 
for a considerable length of time. Nussbaum, for instance, found 
that the cysts of Gnstrostyla rorax were alive at the end of two 
years, and Maupas successfully hatched out GaatroatyJa lieinii from 
cysts that had remained dry in a watch-glass for twenty-two 
months. Nussbaum, however, found that in twelve years all the 
encysted GattTottyla oorox were dead. 
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The method by which reproduction takes place in the npro- 
ductive cyata is not known with certainty, Wt it ia probable that 
there is n rapid succession of simple fissionB of the protoplaamie 
contents of the cyst, leading to the production of numerous awarm- 
sporea, as is stated to be the case in Holcxpihrya multifiUu (Fig. S6). 

Conjugation. — A single indi- 
vidual Ciliate Infusorian can pro- 
duce a large number of generations 
of daughter individuals by the pro- 
cess of fission, but there is reason to 
believe that the nnmber is limited, 
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and that after a time the power of fission slackens and ulti- 
mately ceases. Under normal conditions, however, the individuals 
exhibit a tendency to conjugate after several generations have 
been produced by fission, and if we are justified in regarding the 
individuality of two conjugating Infusoria as the same after con- 
jugation as before, it may be said that the result of conjugation is 
a renewal and a stimulation of the powers of fission of the con- 
jugating individuals. Although our knowledge is still far from 
complete, it seems certain that a process of conjugation occurs in 
all Heterokarvota, and that this process is essential for the con- 
tinuance of the vitality of the species. 

There can be no doubt that the impulse to conjugation is in a 
large number of cases periodic, the individuals of a swann showing 
for several days together no tendency to conjugation, and then 
simultaneously collecting together in pairs and conjugating. The 
cause of the impulse is obscure. Maupos expressed the opinion that 
a diminution in the food-supply is the primary cause of the impulse, 
and that individuals can be prevented from conjugating by increas- 
ing the supply of food when the tendency first makes ita appearance. 

Accordttig to the researches of Maupas the epidemic of conjugation in 
Slyloiiyrbia ptutulata reaches its height after 176 fissions. This author 
nlso states that conjugation can be prevenled bj a suitable iDcrease in 
the food supply, and (list senile decay and death occur after 316 fissions. 
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On the other hand, Joukowsky has recently failed to induce conjugation 
by hunger in PUurotricha after experimenting for eight months and 
reaching the 458th generation, and Calkins has cultivated Paramoecium 
caudcUum to the 620th generation, without conjugation, by changing the 
food when the periods of depression set in. 

There is some reason to believe that the onset of the epidemic of 
conjugation in certain Ciliata. is associated with a material diminution 
in size ; the largest specimens of a species having the power or vital 
force to divide by fission, do not need the stimulus of conjugation for 
further reproduction. 

In the long series of varieties that the process of conjugation 
presents in the Heterokaryota, attention may be called to 
three conditions which, when separated from the series, appear to 
present essential differences. In most of the free-swimming Ciliata 
all the individuals of a swarm in which there is an epidemic of 
conjugation are of the same size and structure, and it is probable 
that any one individual can conjugate with any other. There is 
no distinction of sex whatever. 

In the conjugation of Spirochona two individuals apparently 
identical, situated close to one another on the same gill of 
Gkmmarus, bend towards each other and conjugate by their oral 
discs. Subsequently one of the two individuals separates from the 
gill and becomes absorbed (partially or wholly) by the other one, 
and from that moment it ceases to exist as an individual. In this 
case no external features of sexual differentiation have been 
observed, and perhaps do not exist, between individuals that are 
capable of conjugating with one another ; but after conjugation has 
begun the important difference between the one that absorbs, which 
has been compared to an ovum of the metazoa, and the one that is 
absorbed, which has been compared to a spermatozoon, is exhibited 
(cf. p. 393). 

In the third case, as exhibited by . Vo^ticella and some other 
Peritricha, the difference between individuals that can conjugate 
is well marked long before conjugation actually occurs (Figs. 43 and 
76). The stalked form, which may be called the female individual, 
is not capable of conjugating with another individual of the same 
kind,^ nor, on the other hand, are the small free-swimming forms 
that are periodically produced — the males — capable of conjugating 
with one another. The only way in which conjugation can be 
effected is by one female individual conjugating with one male 
individual. In other words, the differentiation of sex appears to be 
complete in the case of Vorticflla and some other forms. 

During the process of conjugation very important and complicated 
changes occur in the nuclei of both individuals, and in all probability 

^ It is poNsiltle tbat in some species a conjugation of the females may occur (see 
Plate Ixxiii. Fig. 96 of BUtschli's "Infusoria"). 
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Fio. 87. 

Diagram to illuHtrat« Die nuclear ulienuinena of the CUiata^ fh^m the "Traits de Zoologe 
Ck)ncr^te," baseil on the renearcheit of MaiipAA. I, two individual at the coinmencenieDt of 
conjugation, showing a itinxle lai-ge nieganucleuii and a Kingle small micronucleus. II, stage in 
which the micronuclei have begun their niitoMis. HI, stage at the clone of the first mitosis of 
the uncroiuiclei. IV, stagp at tlie chme of the second niitosis of the micronuclei. V, stage in 
which there are four nuclei formed hy the division of the micronucleus, and the meganuclens 
is becoming irregular in outline. VI, Htnge in which three nuclei are undergoing degenerative 
change<<, and on»«— the sexiinl nurleun In again dividing. VII, Htage in which the sexual 
nucleuri has divided into a migratory and a htalinnary nucleus, and the migratory nucleus of 
each individual lian cnwHefl iht«>tho rytopJANni of the other. VIII, stage in which the stationary 
and migmtory nuclei have come In coulaet with each other. IX, stJM^ in which the cleavage 
nucleus luiH been forujwl l»y the IiinIou ol the migratory and stationary nuclei. The meganuclei 
have now bn>ken up into a nunit»er of Mmnll frngmcnts. X, stage in which the individuals 
have 8ei>arated und the ch-nvsge nuelnun u undergoing its first mitosis, XI, the fragments 
of the oUl meganuclei liavo entlrelv dUa|i|>eAre<l, and a new meganuclens and a new micro- 
nucleus are forming from the daughter nuelel of the cleavage nucleus. XII, tinal stage with 
a roll-size<l meganucleus and a ndrrtmuelmtH. 
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in the cytoplasm as well. For the elucidation of these changes it 
is convenient to consider, in the first place, the phenomena that 
have been observed in certain Holotricha (c£. Fig, 37), When 
two individuals have effectively conjugated, the micronucleus of 
each swells up anil undergoes division by mitosis into two micro- 
nuclei (II., III.). This is immediately followed by a division into 
four (lY., V,). Of these four nuclei three degenerate and are 
either absorbed or rejected 
from the body (VI., and 
Fig. 38). The remaining 
one — which may be called 
the sexual nucleus — under- 
goes another division into 
two nuclei. One of these 
crosses the line of junction 
of the conjugating in- 
dividuals and enters the 
cytoplasm of the other in- 
■Avidual, and may be called 
the migratory nucleus. 
The other remains in the 
Cjrtoplasm of the parent, 
and may be called (he 
stationary nucleus. Thus, 
as a result of the divisions 
of the original micro- i 
nucleus of each of the Ho^ei!)"* " 
conjugating individuals, 
five nuclei are formed : three degenerate and disappear, one migrates, 
and the remaining one is stationary. A fusion of the migratory 
nucleus of one individual and the stationary nucleus of the otber 
then takes place to form the cleavage nucleus (VIIL, IX.), and soon 
after this has occurred the two individuals separate. The cleavage 
nucleus soon divides into two (X.), and generally a second time 
into four, or a third time into eight. Ultimately, however, one of 
the halves of a division gives rise to the new meganucleus, and the 
other to the micronucleus of a daughter individual. The new 
meganucleus can therefore be traced back to its origin from micro- 
nuclear elements, and to this there is no exception. The mega- 
nucleus of a conjugating individual never gives rise to the mega- 
nucleus of an individual that has been released from conjugation. 

Returning to the earlier stages of conjugation, and tracing the 
fate of the original meganuclei, we find that, apart from minor 
changes in the arrangement of the chromatin network, the 
meganuclei do not seem to be affected by the union of the two 
individuals. Later on, however, they become irregular in outline 



conJantloBorCiriptiiiiiKCoIptidaJiutba 
n u the tnlgnto^ and stAUonuy ml 



390 THE INFUSORIA 



(TIL, v.), break up into lumps (VI.), into smaller droplets, and 
ultimately disintegrate (X.) and disappear (XI.). 

The changes which take place in the cytoplasm during conjuga- 
tion have not yet been followed in detail. There can be little 
doubt that an interchange of molecules of cytoplasm between the 
two individuals does occur, but it is quite impossible to tell 
whether the mixing of the two cytoplasms is or is not complete. 

In the accounts given of the conjugation of the Ciliata, it is stated 
that the meganucleus plays a perfectly passive r61e until its disintegration 
begins. 

In Sfirochona the meganuclei fuse daring conjugation ; and in 
Dendrocometes the meganuclei come in contact daring conjugation, bat 
subsequently separate (Fig. 39). 




Fio. 89. 

Reconstruction of a series of sections through a pair of ooi\jusAting DtHdroeonuUtt showing 
a temporary fusion of the two meganuclei (itf ), at the conclusion of the process. MN^ the 
new meganucleus ; m, the three new micronuclei. (Original.) 

In those species which normally possess more than one micro- 
nucleus the process is rather more complicated. 

In Paramoecium aurelia the two micronuclei which are normally 
present in each individual divide twice, giving rise to eight nuclei, 
of which number seven degenerate and one remains as the sexual 
nucleus. After the conjugation of the migratory and stationary 
nuclei, the cleavage nucleus of each individual divides twice, and 
of the four nuclei thus formed, two directly give rise to meganuclei 
and the remaining two divide again to give rise to the two micro- 
nuclei in each of the daughter individiuils formed by the first fission. 

In Dendrocometes there are usually three micronuclei in each 
individual. At the commencement of conjugation all three micro- 
nuclei enlarge and undergo mitosis (Fig. 40), but not simultaneously. 
Of the six nuclei thus formed, five degenerate and one passes down 
the junction and forms the sexual nucleus. 

In Bursaria iruncateUa there are, according to Prowazek, normally 
16-18 micronuclei in each individual, which give rise to no less than 
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66-78 descendant nuclei during conjugation, but they all degenerate 
except one, which alone forms the sexual nucleus (Fig. 60). 




Fro. 40. 

ReconstnieUon of a series of sections through % pair of J>9indToe<mgU» at the beginning of 
ooi^Jugation. U. the megsnucleus. m points to one of the micronuclei in the process of 
mitous. One or the three micronuclei m each individual has not begun to divide, but it is 
much larger than the micronuclei of individuals that are not conjugating. (Original) 

In the VORTICELLIBAE there is a further modification of the 
process. The micronucleus of the female divides twice, to form 
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Pig. 41. 

Diagram I., to Illustrate the nuclear 
changes during coi^ueation of two Holo> 
trlchans, A and B. M, meganncleus; m, 
micronucleus ; N, mLzratory nucleus ; S, 
stationary nucleus ; C, cleavage nucleus ; 
AT, the meganncleus, and m', the micro- 
nucleus of the individuals, A' A\ B B^ formed 
by the first fission after conjugation. 



Pig. 42. 

Diagram II., to illustrate the nuclear 
changes during the conjugation of a female 
(J) and a male (J3) VoUcdla. AT, memnucleus ; 
m, micronucleus of A and B : S^ station- 
ary sexual nucleus; ^, migratory sexual 
nucleus; e, cleavage nucleus; AT, the 
meganncleus formed by the fusion of three 
nuclei; and m', the micronucleus of the 
regenerated female A'. 



four nuclei, and of these, three degenerate; the micronucleus of 
the male, on the other hand, divides three times, to form eight 
nuclei, of which seven degenerate (Fig. 43). Only one cleavage 
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nucleus is formed, namely, the one in the female individual The 

male ahrivela and dies. The cleavage nucleus divides twice, and 

Fio. u. 

Tm lOffn in the eonJugiUaii oT 

FortisVa iKciiUala. In A tta< 

gava tin to roar nadd, ths 

iiocliJithemgguucleKjniDbaUl M- 
bctB dlilDtrgnMd, In B, which 

"" , " "" ./. ,' -.-{'V, 

inljcntcry aiKl ataUonur 
«* clo« lonether, l>nt do no 
(DligTinnmmUc dnwinga 
lUiipu, The cllUitnl dls 
MtuillT ntncMd darln| 
itagM.) 

three of the nuclei enlarge and eubsequently fuse to form the new 
meganucleus, whilst the remaining one forms the new micronucleus. 
, Regeneration. — Several 
■^ series of experiments have now 
been recorded which prove that 
the Ciliata possess very con- 
siderable powers of the re- 
generation of lost parts. If, 
for example, a. SttnloT be cut 
into two parts trans veraely, 
the upper part will, in a little 
while, close up the wound, and 
eventually form a base similar 
in all essential respects to the 
parts that are lost ; the lower 
portion will, on the other hand, 
produce a new spiral disc and 
a new mouth. Thus, as a result 
lificial section of a single individual, 
plete individuals are produced. 
Similsih-, sections of the body into three, 
four, or five pieces may be made, which re- 
generate and give rise to new and complete 
individuals. There are limits, however, to 



this power of regeneration. If a section be made through a 
Stentor in the plane of the line c-d in Fig. 44, it will be found 
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that the segment containing the meganucleus will regenerate the 
lost part; the segment which contains no portion of the mega- 
nucleus, however, will degenerate and die. Further experiments 
that have been made on SterUor, on Stylonychia^ and other forms 
prove that a portion of the meganucleus plays an essential part in 
the regeneration of the segments, and that in all cases the detached 
parts of an infusorian that are devoid of meganucleus, however 
large they may be, degenerate and die without repairing their 
injuries. The nucleated fragments, on the other hand, are capable 
of regenerating lost parts even when they are exceedingly small, 
but a limit of size may be reached, which in the case of SterUar is 
said to be 80 fi in diameter (Lillie), below which even nucleated 
fragments die. 

There is very little evidence upon the history of the micronuclei in 
these experiments. Le Dantec, however, states that segments which 
contain no micronuclei are capable of regenerating lost parts, and that 
in such cases a new micronucleus is formed by the meganucleus. 



The Morphology of the Hetkrokaryote Body. 

The generally accepted view that the body of one of these 
animals is strictly unicellular requires some modification unless oui* 
definition of an animal cell is to be widely extended. In the Meta- 
zoan body we can recognise two classes of cells — the somatic cells, 
which perfoim the general functions of the body ; and the germinal 
cells, which are alone concerned with reproduction. We can also 
recognise two classes of nuclei in the same manner — the somatic 
nuclei and the germinal nuclei. In the Metazoan body there is 
a large number of somatic cells, and each of them contains, as a 
general rule, a single somatic nucleus, and similarly each of the 
many germinal cells contains, usually, a single germinal nucleus. 

Many instances could be quoted (striated muscle, nerve fibres), 
however, in which the cell outlines of both somatic and germinal 
cells are ill-defined or absent, so that the tissues become indis- 
tinguishable from multinuclear plasmodia. There can be no reason, 
however, for calling such tissues unicellular tissues. The actual 
number of cells composing the Metazoan body varies enormously, 
and it is not inconceivable that an animal may have existed 
(Fig. A) with only one somatic cell and one or two germinal cells, 
and for protection the germinal cells (m, m) might be within instead 
of outside the larger somatic cell (M).^ 

^ Parallel examples of this may be found in the 8|iermat(^De8i8 
of Spongilla, Helix, Cossus, etc., in which the germinal cells are within 
the blastophoral cell. 
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If, however, in such an animal the limits of somatic and genninal 
cytoplasm were indistinguishable (Fig. B), we should have an 
organism precisely similar in its essential features to one of the 
Heterokaryota, and just as the hypothetical form is strictly 
bicellular or tricellular, so is the Heterokaryote, strictly speakings 
not unicellular, but bicellular or tricellular, etc., according to the 
number of micronuclei it possesses. 

The matter is, however, to a certain extent a question of 
nomenclature. If it is considered to be desirable to include in the 
term, " cell," everything that is enclosed by the outline of a cyto- 
plasmic unit^ ^hen the Heterokaryota may be called unicellidar; 
but the definition of a cell must be extended so as to include 
examples in which the cytoplasm includes nuclei of two or more 
distinct characters. 

The differences between the meganudeus and the micronudena 
in the Heterokaryota are very pronounced. 





Fio. 



Fio. B. 



The meganudeus is undoubtedly somatic in function. The 
experiments mentioned on p. 392 prove that it is essential for the 
process of the repair of injuries and for the restoration of parta 
that have been lost; the changes in the structure of its granules 
observed during assimilation and starvation point to its important 
relations with the processes of digestion, whilst the changes in 
its shape and position, during the somatic life of the individual^ 
indicate its continued functional activity during this period. 

Speaking generally of the meganudeus of the Heterokaryotes^ 
it may be remarked that^ as compared with other nuclei, it exhibits 
an extraordinary variety of form. It may be spherical, oval, band- 
like, moniliform, dumb-bell shaped, double, or scattered in numerous 
small fi*agments. 

The exact meaning of this may be obscure, but it is quite 
consistent with the facts to believe that its peculiar shapes are 
associated with the important somatic functions, over which it 
exercises some essential control. 

Whilst it is thus clear that the meganudeus is somatic in 
function, it is none the less evident that the micronucleus is not» 
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During the whole of the somatic life, that is to say, between the acts 
of fission and conjugation, the micronuclei remain extremely small, 
the chromatin being concentrated into an extremely minute granule, 
and there can be little doubt that they are in a condition of 
rest. 

During conjugation, however, the relative activity of the two. 
nuclei is reversed. The micronuclei enlarge, divide by mitosis, and 
show other signs of extreme activity. It is the products of the 
division of micronuclei alone that fuse to form the cleavage nuclei. 
The meganuclei, on the other hand, degenerate and disappear. 
The evidence, therefore, is conclusive that the meganucleus is a 
somatic nucleus, and may be compared with the nuclei of the cells 
of the body of a Metazoon, and that the micronucleus is a sexual 
nucleus, and can be. only compared with the nuclei of the sexual 
cells of the Metazoon. 

There is vei^ little evidence, however, that there is allocated 
to each micronucleus in the Infusorian's body a specialised part of 
the cytoplasm, as there is in the Metazoon. lliere is, in other 
words, evidence of a sexual nucleus, but very little evidence of 
sexual cytoplasm. If we assume that such sexual cytoplasm does 
exist, and that during the act of conjugation the sexual cytoplasm 
of the two individuals mingles, the parallelism between the sexual 
act of the Infusoria and that of the Metazoa is established. 

But without making any assiunption whatever, it is dearly 
erroneous to compare the conjugation of two Infusorians with the 
conjugation of an ovum and a spermatozoon. The degeneration of 
the meganucleus after or during conjugation clearly proves that 
the Infusorian is something more than a mere sexual cell or gamete. 
It is only a part, and a very small part too, of the whole body of 
the Infusorian that functionally conjugates, the remainder is only 
accessory to the act. It is therefore only misleading to call the 
stalked Vorticella a megagamete and the free-swimming individual 
that becomes attached to it a microgamete. These individuals 
have all the essential features of female and male individuals, and 
the act that they perform is essentially an act comparable to the 
copulation of the Metazoa. Similarly, the conjugating individuals of 
the Holotricha ought not to be called Isogametes, but hermaphrodite 
individuals. 

An important and interesting question then arises as to the 
individuality of the Infusoria before and after conjugation. The 
destruction of the old somatic nucleus during conjugation is proved, 
but there is also evidence of a less satisfactory nature that the 
somatic cytoplasm undergoes regeneration after the act. If it be 
assumed that the old somatic cytoplasm is gradually replaced by 
the conjoint sexual cytoplasm of the two conjugates, then the 
individuality of the Infusorian before and after conjugation is not 



396 THE INFUSORIA 



identical. It is clear that there is partial somatic death during 
conjugatioD ; it is not clear, however, that there is complete somatic 
death. It is to the elucidation of this important question that we 
may look with confidence to future investigations. 



CLASS CILIATA, Ehrb. 
Order Holotricha. 

Examples of a Oenna. 

Sub-Order Glymnostomata. Prarodon, 
Sub-Order ^menostomata. Paramoecwm. 

Order Hetbrotricha. 

Sub-Order Polytricha. SterUar. 

Sub-Order Oligotricha. Ophryoicolex. 

Order Htpotricha. StylonyMa. 

Order Peritricha. FartieeUa. 

The CSiliata may be most conveniently divided into four orders— 
the Holotricha, the Heterotricha, the Htpotricha, and the 
Perftricha. Of these orders the Holotricha undoubtedly con- 
tain those genera which are the most primitive in their anatomical 
characters, the other three orders contain genera which have 
probably reached their present condition on independent lines of 
evolution from a common holotrichous ancestor. 

Order Holotricha, Stein. 

The order Holotricha includes those free-swimming Ciliata in 
which the cilia are all of approximately equal length and thickness. 
There are never any structures of the nature of cirri. 

The order is divided into two sub-orders — (l)the6YMN0ST0MATA9 
in which the mouth is closed in the intervals between the acts of 
the ingestion of food ; and (2) the HymenostomaTa, in which the 
mouth is always open and provided with an undulating membrane. 

Sub-Ordeu Gtmnobtomata, Biitschli. 

The Qtmnostomata are usually of small size, rarely exceeding 1^ mm. 
in length. Several of the genera (Holophryaf Enchelys, etc.) occur both in 
the sea and in the fresh-water, others are found only in fresh-water {Pro- 
rodoHj Lacrymariay Didinium, etc), others only in sea-water {StepKanopogijn^ 
Onychodnctylu8\ and others are parasitic {BiUschlia in the stomach of 
Ruminants). 

In the more primitive forms {Holophrya, Enchelys) the mouth is a 
simple passage from the medulla to the exterior, situated at the anterior 
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eitremitj' of the body. In wveral forms the puuge u kept open for the 
greater part of its lenij'h bj a palisade arrangement of atiS rodi commonlj 
called the phaiTDx, but the mouth ittelf can be cloced by the cortex 
eontracting over the anterior end of the pharynx (Prororfon, CiAe^ 

The potition of the month ia bj no meani con- 
atant in the group. In Spoihufium (Fig. 46) it is 
aomewhat elongated, and situated just behind the 
anterior end of the body. 

. In Na»taia it ii situated at a distance of about one- 
third of the length from the pointed anterior end of 
the body. 

In I>UtpluM and Tnululiin (Fig. 7) there is a long 
naiTOw lobe in front of the mouth. 

The cilia are, in the moat primitive forms {Hoio- pm. is. 

fKrya, etc.), evenly distributed over the surfaces of the 5f ai*<diitK iittir- 
body ; in some of these, however, the cilia which are i^'iSi (SnStedrtit^ 
aiTMiged iu a circlet round the mouth are a trifle iJk«iiiouUi.«boTe,tt«Bu- 
longer and thicker {Laerymaria) than those on the tha eontnctUa nenoi* 
general surface. In the larger forms it may be ob- ^^ (*<»•' BUtoehU.) 
served that the cilia are arranged in parallel rows 
nintiing longitudinally down the body or slightly curved like the rifling 
of a firearm In Dxclxmam the cilia are confined to two fine horizontal 
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bands, and in the parasitic BtiUddia and othen the cilia o< 
ridges and tufts. 
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In the remarlcable genus AAmiAoha t^ere ue a number of ietnetil« 
proceases ca11«d the tentAcles projecting in \ radiating loanner from th« 
bodj-wall, which give the animal a Buperlicial reaemblance to a Eeliosoon 
(Fig 48). 

In lUoncma there ia a aingle flagellate procev at the anterior end of 
tbe body which is capable of being completely withdrawn (Fig. 48). 

Nearly all the Gymnostomata are provided vitli trichocyata. Thef 
are situated either in Bpecial aggregation! round the mouth, in which earn 
they are regarded aa weapons of offence ; or acattered over the general 
surface of the body, in which case they ue r^rded aa weapona of 
defence 

The meganucleus ia frequently spherical or oval in ahape, but it ia 
•ometitnes elongated, hoiae-shoe-tbaped, nioniliform, jointed, aegmented, or 
fragmented. The micronacleua of a considerable number of genera has not 
yet been discovered, but in othera there can be no doubt of the exiatence 
of one (Ghilodon) or more (Dileptui) micronuclei. 

The genera of Gymnostomata are divided into fiaimliM hy 
Schewiakoff as follows : — 

Family Holophrtina, Perty. Holophrya, Ehrb. Of very simple 

structure, with a terminal mouth providetl with only a very rudimentary 

[^laryngeal apparatus. They form tplierical cyate surrounded by a 

gelatinous case in which an enormous number of young are produced by 

rapid and repeated fiaaions (Figa. 36 and 47). 0-4.' 

Freshwater and marine, aometimea parasitic on freah- 

wtiter lish. Urolrieha, Clap, and L. Exceedingly 

minute forms distinguished by the presence of a aingte 

long straight bristle at the poaterior end. 0'04. 

Freshwater. EncMyt,B.ilL Anterior and poeterior 

ends somewhat attenuated, but in other respect* 

similar to preceding genera. Well -developed 

trichocysta. ■02-E. Freshwater and marine. 

Spaihidium, Duj. Body flaak - shaped. Uontli 

ventral at the anterior end, long and ilit-ahaped. 

0-4. Freshwater. (Fig. 4ft.) OanotAmdiuni, Schew. 

With an elaborate pharyngeal armature. Numerona 

n' micronuclei and a single meganudena. 0'17. 

rm. *T. Freshwater. Laggnut, Quenn. Bottle-shaped, with 

HatijpiiT]ia mMlHJUilif a pharynx surrouniled by numerous trichocyrta 

^"rondii'i'oi!^"r«- 0*18. Marine and freshwater. Trachtiophyllum, 

ojitjid conditlopwIthW Chip, and L. Similar to the preceding genus, but 

ii^(1tni»v°n''?Brcfn. x. with the body a little more flattened. OS. Marine 

t!r«S"s vKuniM*' \ 120 """^ freshwater. Larrymano, Elirb. Elongated, 

extremely contractile forms. Anterior end shaped 

like a bottle cork and surrounded by four or five bands of long cilia. O'C. 

Freshwater and marine. Trachtlorrrra, Elirb. Very elongated and 

contractile forms. Moutli sutrounded by four lappets or lobes. Some- 

' These ligure* refer to tha averaga langth of the geaera la mUlimatreL 
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timM reach » total length of 3 mm. Marine. Prorodtm, Ehrb. 
Uanalljr apherical in form, with a well -developed pharyngeal armature. 
1 mm. Fr«ahwater. (Fig. B.) Pmtpiro, Stein. Bands of cilia arranged 
in a (piral manner. 0*05. Stagnant freahwater. CAomia, Quenn. An 
elongated and contrBctile form with a special group of long cUia at the 
anterior attenuated estieuity. 0'S6. Marine. 

Family AcrmoBOLDia, Stein. ^etwAoIu*, Btein (Fig. 48). Spherical 
in ihape, provided with a nnifonn covering of long cilia. The moit 
remarkable feature of this genns is the power they posaeit of protruding 
a considerable number of long, needle-ehaped protoplasmic processes or 
tentacle*, each armed at its extremity with a large trichoeysL O-I. 
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Freshwater. lUonema, Stokes: Flask-shaped, with a long prehensile 
appendage springing from the oral extremity (Fig. 46). 0-2. Freshwater. 

Family Colipina, Ehrb. Plagiopegon, Stein. Without carapace. 
Very small. Freshwater. CoUpt, Nitzsch. Body covered by a compli- 
cated carapace (Fig. 6). 0-06. Freshwater. Ttartno, Bergh. Siniilarto 
the above, but with a pointed posterior extremity. Marine. SUphanopogoii, 
Entz. Slightly elongated forms, flattened on ventral side, with a large 
horseshoe megaoucleus. 0-07, Marine. 

Family CrcLOonnHA, Stein. DinojArya, Biitschli. Cylindrical in 
form, with a pointed posterior extremity. O'l. Freshwater. Didinium, 
Stein (Fig. 74), Cylindrical in form, with a conical peristome. Cilia 
restricted to a few circular bands. Mouth capable of eitraordinary 
dilatation. O'S. Freshwater. Mtmxiinium, Stein. Cilia reduced to a 
single huul, very long and strong. 0-04. Marine and freshwater. 
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Fatuilf Pbokotbichiiia, Biitschli. ££tKUtd, Schubetg. Verjr minnte 
cilia covering the general surface of the body, bat a gpecial perioral 
crown of longer citia, and a tuft of the laine at the po«terior extremitj. 
0*06. Rumea of Ruminantn. The genera BU^MToeadiotv, BltpharoprM- 
thi»m, and Blepharotphatra described bj Bundle from the eoecum of tlM 
horae are perhaps racroben of thia fainilj. 

Familj Auphilbptiha, But«ch1L AmpKOtplut, Clap, and L. The 
anterior end pointed, and on the vential lide of thia a long alit-like 
mouth. Heganucleus in two or four piecea. 0*3, Marine, freahwater, 
and in infuaions. Lionotut, Wna. Similar to above, but rather more 
elongated and flattened. 0'4. Marine and freahwater. Loxopkj^tan, 
Duj. Similar to above, with tbe bodj more flattened and 
contractile. 0-04. Marine and freshwater. Loxodtg, 
Ehrb. A creeping, apindle-ahaped form, with aeveral 
ni^anuclei and microniiclei. 0'&. Freshwater. 

Family Trachkliha, Stein. TracMivt, Clap, and L. 
(Fig. 7). Spherical in form, with a abort proboscis in 
front of the round mouth. 0'4. Freahwater. IHUptvt, 
Duj. (Fig. &0). Very elongated and contractile, with a 
long proboscis anned with trichocyata in front of the 
round mouth. Ueganuclens moniliform. I mm. Uorine 
and freshwater. 

Family NABtiOLiKA, BiilKhlJ. Naituia, Ehrb. OtoI 
forma with a long, 
complicated pharyngeal . - - ' 

armature. Mouth on 
the ventral side, a short 
distance from the an- 
terior end. Frequently 
red, blue, or brown in 
colour. 0'3. Freah- 
water anil marine. 

Family Chlamtdo- 
DOSTA, Stein. Ortiio- 
dori, Oruber. Cilia on 
ventral aide much 
longer than on the 
Fill. so. dorsal side. Mouth on 

Diitri«> opifr the right aide. 0-26. 
l^;,.gi^g,7.iT'ai.: "*""« ''"'' freshwater. ^^^^^ 
jJMiJp and Ucii. ChUodon, Ehrb. Oval in '"'" "^ 
Kliuii Vuo'i^"; oiitliTie. Strongly com- x mo. 
e, f, iridiioc)si> oil pressed dorao-ventrally. 
""""'*"""""'" " Very ■ 




lirtiiliil,''. (AlUrSclwiFlikoa} 






infusions. OUamydodon, Ehrb., 
' 0'12, marine ; Scaphidtodon, Stein, O'l, marine; 
rhaacohdon. Stein, 0'09, freshwater ; and OputAodon, 
Stein, 0-18, freshwater, are all closely related to ChUodon. 

Family Dvsterina, Clap, and L. Aegyria, Clap, and L. Body 
usually ventruUy fuliled. Cilia apparently confined to the ventral aide. 
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0'15. Marine. I>yt(ena, Huxley (Fig. 61). Body somewhat resembling 
a mussel in shape, with a very restricted ventral side which alone bean 
cilia. There is a remarkable caudal appendage on the ventral side. 
The dorsal side is smooth and ribbed. 0*15. "^Marine and freshwater. 
Troekilioy Dig. 0*035. Freshwater and marine. Dyderopiii, Rooz. 
Lacustrine. 

Family Ontchodaottlina, Entz. Onyehodaetylm, Entz. The body 
bears at the posterior end a little conical appendage in the form of a tail, 
at the extremity of which is the anus. The colour is yellow or blue. 
0*8. Marine. 

SuB-OBDER Htmenobtomata, Delage. 

The Htmenobtoxata include a large number of forms that occur 
in infusions such as Loxocephaluiy Colpidivm, and Colpoda^ from which the 
name of the Class Infusoria was derived. Some of them are internal 
parasites such as the Opalinina and Ibotrichina. Others are free- 
swimming in pure water. They vary in size from the minute Oydtdiumf 
•03 mm., and LooDoeephalus, "06 mm., to the elongated parasite Diicophrfo^ 
which is sometimes 8 mm. in length. 

The mouth is in some cases at the anterior extremity of the body, 
but more usually it is situated near the middle of one side. In sucli 
forms as lidneka it is doubtful which end of the body is correctly called 
anterior. According to Biitschli and others the mouth is situated at the 
posterior end, and the animal swims with the anterior end foremost. 
Others consider that the mouth is at the anterior end, and that the animal 
habitually swims backwards. 

The mouth is usually situated at the bottom of an elongated, gutter- 
like peristomial depression, and opens into a short oesophageal tube. 
This tube, however, is never supported by a palisade of rod& In many 
forms, and perhaps in all of them, there is a small undulating membrane 
at the margin of the mouth — hence the name Hymenostomata. Some- 
times there is in addition to this one or two very delicate membranes 
(PUuronema) at the margins of the peristomium which it is convenient to 
distinguish as the lips (Fig. 58). Trichocysts are usually present. There 
is generally a single spherical or oval meganucleus accompanied by one 
or two micronuclei. In FrorUonia there are several micronuclei. In 
Anaphphrya (Fig. 30) there is an elongated meganucleus and iu Opaliru>p§is 
(Fig. 55) an irregular band-like meganucleus at first, which in the older 
forms breaks up into a number of fragments. In Opalxna there are several 
spherical meganuclei, and probably a greater number of micronuclei 
(Fig. 25). 

Reproduction is effected by simple transverse fission. In Leucophry* 
there is a resting stage during which the animal becomes spherical in 
shape, but does not secrete an envelope. During this stage the body 
divides into thirty -two small individuals. In Ophryoglena^ Colpoda^ 
and Glatteoma cysts are formed. The kidney -shaped cysts of Para- 
moecium have recently been fibred by Lindner. The body of Opalinaf 
after it has reached a certain stage of growth, divides by fission several 
times, until the fragments contain only two or three nuclei. Each 

26 
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fragment then becomes encased in a spherical cyst This is passed into 
the water, and if it is then swallowed by a tadpole^ gives rise to a 
uninucleated spore which absorbs nourishment and grows. As it grows 
the nucleus divides, and so the large multinucleate form from which 
it sprang is reattained (Figs. 53 and 54). 

The Htmenostomata are arranged by Schewiakoff as follows : — 
Family Chilifbra, fiiitschli. BUpharostoma, Schew. Witn very 
long peribuccal cilia. *015. Fresh i^ater. DicAt^UTn, Schew. With right 
and left lips, the latter rudimentary. 0*03. Freshwater. Australia. 
Triehospira, Boux. Freshwater. DalUuiOf Stokes. Dorsal side concave, 
ventral side convex. Very large mouth, jus^ behind the anterior extremity. 
Two undulating membranes. Swims on the concave dorsal side. 0*14. 
Freshwater. Plagiooampaf Schew. A lip on the left side only. A 
border of labial cilia on the right 0*04. Freshwater. Australia. 
Unmemay Duj. Oval in form^ slightly compressed. Convex on the 
dorsal side. Flat on the ventral side, with an excavation in the 
buccal region. Provided with a long caudal cilium. 0*07. Freshwater. 
Stegochiluniy Schew. Pharynx absent Well-developed labial membrane. 
0'07. Freshwater. Australia. CryptoMlum^ Schew. LeucophrySf Ehrbi 
Body compressed. Provided with a large, tongue -shaped, undulating 
membrane. 0*25. Freshwater. LeticophrydivLTn, Roux. Monochdlum^ 
Schew. In the form of an elongated cylinder. Loxocephalv^ Kent 
Undulating membrane doubtful. A single long cilium at posterior end, 
also a row of specially long cilia on the right side. 0*05. Freshwater 
and in infusions. Chatmatottamay Engelmann. Kidney-shaped. 0*06. 
Freshwater. Glaucoma^ Ehrb. Oval in form, but slightly flattened. 
Oilia evenly distributed. 0*1. Freshwater, but principally found in 
infusions. Urozona^ Schew. Only the middle part of the body famished 
with cilia, which form a thick band encircling the body. 0*03. Fresh- 
water. Colpidiumy Stein. Oval or kidney-shaped. A large mouth 
situated some distance behind the anterior extremity on the ventral side 
of the body. Cilia evenly distributed. 0*12. This genus and the next 
(Colpoda) very common in freshwater infusions. Colpidium also occurs 
in jnarine infusions. Colpoda^ Miiller. Similar to Colpidium, but m<»e 
definitely kidney-shaped. The twist in the rows of cilia at the anterior 
end is from left to right, the opposite of that in Colpidium, 0*1. Very 
common in hay infusions. Frontonioy Clap, and L. Large cylindrical 
bodies or pointed posteriorly. On the right border of the mouth there 
is a ciliated stripe, free from trichocysts. Colourless or green with 
Zoochlorellae, sometimes provided with black or brown pigment. 0*35. 
Freshwater and marine. Disematostoma, Lauterb. Philasttr, Fabre Dom. 
Ophryoglena^ Cfap. and L. 0*5. Freshwater. BUpharocorySy Bundle. 
Ooecum of the horse. 

Family Microthoracina, Wrzesniowski. Cinetochilumf Perty. This 
animal appears to swim upside down. During progression the extremity 
which bears the mouth is posterior. It is provided with two vibrating 
lips, of which the right is larger than the left 0*04. Freshwater. 
MierothoraXf Engelmann. The mouth turned more to the right side than 
in the preceding genua 006. Freshwater. TrichorhynchtUy Balb. One 
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«nd IB drawn out into a conical papilla armed with long cilia. BiitBcbli 
regards tbia end aa posterior. 0'04. Freshwater. Tuamotu. Ptyeho- 
ttomam, Stein. O'l. Occurs in the inteEtine of Oligochaeta. Ancyilmm, 
Mtiupas. Ovoid in form, with a seriea of long cilia on the Tenlral border. 
0'07, In the pallial cavity of marine Pelecypoda. 

Family Paramoeciha, Duj. Paramoecium, Stein. There !• & 
minute undulating membrane on the donal aide of the pboTjni. Tneho- 
cysta usually occur over the whole surface of the body. One or two con- 
tractile vacuoles. One or two micronuclei. Up to 0'25 in length. Very 
common. Freshwater and marine. (Fig. 46.) 

Family Urocimtriha, Clap, and L. VroeentTum, Kitzech. The 
ciliation of the body reduced to two broad zones. The peristome extends 
from the posterior edge of 
the anterior zone to th« 
hind end of the body. O'l. 
Marine and freshwater. 





Family PtEORoKEUiNA, Butachli. Lembadion, Perty. Tlie peri- 
stome is a deep groove extending from the anterior end of the body almost 
to the posterior. It is covered by two large undulating lips. A small 
undulating membrane also occurs on the right side of the peristomial 
groove. PUuronemn, Duj. (Fig. 62), A very large peristome with a 
large right undulating lip. Springing movement. 0'03. Marine and 
freshwater. Lembaa, Cohn, An elongated form with two xindukting lj[». 
O'l. Marine infusions. Cydiditun, Clap, and L. Very similar to PUwro- 
nrnia, but smaller. 0-03. Freshwater and marine. Cridigira, Roux. 
Freshwater. PUurocofilei, Wallengren, occurs on Ilydractinia. 

Family IsoTRiCHtXA, fiiitsclili. Itotrithti, Stein. Spherical forms 
with a mouth situated at tlie posterior(l) end. A well-marked anus 
situated anteriorly. Numerous miuute contractile vacuoles scattered 
through the protoplasm, 0'16. Rumen of the Artiodactyla, Dattj- 
trUka, O. Schuberg. No anus. Lines of cilia rather more spirally 
arranged than in Itolridia. O'l. Bumen of Artiodactyla. PaTaitotricha, 
Fiorent. Coecum of the horse. 



404 THE INFUSORIA 

Fkmil]' Ofauhika, Slniu. Without a moutlL ^Mpjapftrya, Stafn. 
Oval to elongated in ahape, ilightl j twiatad on ita axia. A rovr of eoattaetUa 
TBcooIei along one borier. 0-9. Digeadve canal of Annelida and Qaa- 
tropoda, and in tbe blood of aome Cruatacea. (Fig. 30.) ffoplitcvbip, 
Stain. Anterior end of the bodf formed like a eacker and proTided with 
two hooka. A long tabular contractile Taonole. 0-9. Intattine of 
~ ' ) and Oligochaeta. iTuesfArya, Stain. A large lockar'lik* 
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Ulterior end without hooks. 2 mm. Dif^tire canal of Planaria and 
Amphibia. Opoitno, Purkinje (Figs. 95, 53, 04). The mott abemnt oT 
all the Hymenostomata. No coDtractive vacuoles. Numaroui mug^ 
nuclei. 0-1. Rectum and oceuionally the bladder of aeveral Annrik 
Ppultnopru, Foettioger (Fig. B5). Elongated in form, with a iwoUea 
anterior cud. In the joung fonna a band-like meganucleua, which later 
breaks up into a large number of irregular fragments 1-5. Liver and 
venooa appendagea of variona CepbalopodK 
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Order HeterotridiA» Stein. 

This order incladet thoee Ciliata in which there it a special adoral 
sone, armed with specialised long or thick cilia, supported hy a delicate 
protoplasmic ridge or membranella, and usually spiral in form. 

The Order is divided into two Suborders : — 

Sub-order Polytricha. 
Sub-order Ouootricha. 

The sub-order Polttricha includes those Hstbrotricha in which the 
general surface of the body is covered with rows of short cilia. The 
longer cilia are usually confined to the adoral zone, but may also occur 
in the form of a tuft (Afetopia) at the posterior end of the body. The 
form of the body may be spherical (J^ursaria), oval (Coiufy^oiioma), rod- 
like (i^HfOftomiim), or trumpet-shaped (£Sten(or and fbZ/ieiiiina). Most of 
the genera are permanently free -swimming, but some are occasionally 
(Steittor) or usually {JPoUkvXiM^ sedentary in habit. In Ewnarvky Boian- 
iiiiwm^ and others the mouth is at the anterior end of the body. In 
Clwik/^iyofplM^rm and ^fof^^amum it is near the middle, whilst in Plaguh 
toma it is situated nearer to the posterior than to the anterior end. 

This sub-order contains some of the largest Ciliata. The elongated 
Spiroitomum may be 3 mm. in length, Bunaria is occasionally 1 '5 mm. in 
diameter, and SterUor and Folliculina 1 mm. in length in the extended 
condition. Some genera (SterUor, FoUieulina) have considerable powers of 
contracting ana extending the body. In Sjnrottomum the contraction is 
spiral. Trichocysts have not yet been discovered in any Polttricha. 
The meganucleus is oval in Nyctotherus, BlepharumOf BtUafUidium, and 
others. In Spirottomum it is oval at one time and at others it beoomee 
very elongat^ and moniliform. In SterUor it is moniliform (Fig. 44). 
In Plagiotoma and Burearia it is elongated. In BalafUidium and others 
only one micronncleus has been seen ; but in Stmtor, Bunaria^ SpirodO" 
mum, etc, there are numerous micronudei. 

The PoLTTBiOHA Contain the following families : — 

Family Plaoiotomina, Clap, and L. Ckmehophthinu^ Stein. The 
adoral zone represented by a row of long cilia on the anterior border of 
the peristome. 0*8. Ectoparasitic on the mucus of several fresh- and 
salt-water Pelecypoda. Also found in the body-cavity of various species 
of Actiniaria. Plagiotoma, Duj. Slightly contractile. Meganucleus a 
long twisted banrl. 0*4. Parasitic in the intestine of earthworms. 
Nyctothenu, Leidy. This is regarded as a sub-genus of Plagiotoma by 
Biitschli. It is distinguished from it by its reniform shape and by the 
sausage-shaped or oval meganucleu& 0*3. Parasitic in the intestines of 
Anura and various insects and myriopods. (Fig. 56.) Blepharitma, Party. 
Very similar to Plagiotoma, but not parasitic. 0*4. Freshwater. Metopui^ 
Clap, and L. Oval in form, with a well-developed peristome sinistndly 
twisted. There is frequently a large pigmented spot at the anterior end 
of the body. 0*3. Marine and freshwater. Spirottomum, Ehrb. The 
longest of dl the Ciliata. It contracts rapidly in a spiral manner. Very 
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litrge elongated contractile Tscuole. Numeroua microDuclei. 3 mm. in 
length when fully extended. Marine and fresh- 
water. (Figs. 67, 58,) 

Family Bdrsabisa, Butechli. ThyUikid\v,mt 
Schew. With & long ventral peristome. The 
medulla contains numeroua znochlorellae. Fresh- 
water in Australia. Ba/antiiium, Clap, and Xi. 
A large periatome and welt-marked anal BpeTttu«. 
0-6. Very commoo in the rectum of Batrachia, 
occasionally found in the large intestine of man 
and in the coelom of Annelida. BalantidioftU, 
Biitschli. A smaller peristome than in BdUmti- 

,.^„ „ ^ — , O'lO- Intestine of Hana eiculenlft. 

Ehrb., H »»m fh>in ihe right CondyloOmm, Dnj. Clnb-shaped in form. Th« 
mter vacuole : c, contmctiia right border of the peristome bears a liirgs 
II^°J.m!.''.' /"™c™^r"™'^ undulating lip. 0'6. Marine and freshwater. 
; i, nhBrjrni \ i, Bunario, Clap, and L. The periatome is an 

(Alter Bteln.) „„„,.„„„„ „,.,„„„i;„„ „^ jj,^ anterior and ventMl 




HfiitAhtrHt coniljofmit. 






II. In langth. 



Mici 



nuclei 



(Pign. 6B and 59.) Burmridiu 
Family Sientorina, Stein. 



Ikf eganucleus strap - shaped, 
ome freshwater ponda. 



face of the body. 
1-5, Verycomm 
Lauterb. 

Ctimacoitamum , Stein. The form of the 
body is oval and shows little con- 
tractUity. The peristome is targe and 
oblique. It is in many ways intennediats 
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between Dalantidiiim and the Stentobina. 0-36. Freshwater. Slenlor, 
Oken. Elongated trumpet- shaped form, with a well -developed adoral 
ions at the broadest end. A long moniliform meganncleus and sever*! 



THE INFUSORIA 



micronuelei. Some Bpeciea coloured blue with StentoriD, others red, 
i; brown, green, or colourleai. 

They swim rapidly with ■ 
rotntory movement, or attach 
themselves by their narrow pos- 
terior ends to a foreign object. 
Sometimes, in the sedentary; 
condition, tbey form gelatinotu 
tubes. 1 mm. or more in length 
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when TuUy extended. Freshwater. (Fig. 61.) ^oUuuJi'na, I^roark. The 
penstoin« extended into a pair of large, later*', wing-like processes. It 
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i* eztnmel^ contnctile. It formi chitinoui tabea Attacfaed to Algu and 
Shelli. 1 mm. when fullf extended. Uuine mnd sometimet freehwater. 
(Fig& es, BSa, 83.) 

Familj OvBOCOBTMA, Stein. CamonunrjAa, Pcrt^. The remtrlubla 
fonn of (hi* genni la shown in Fig. 64. Iti general lelationi seem to 
be with Mttoput, one of the PUgiotominR. On the other hand, the abeeiiM 
of cilia from all but loealitad part* of the bodj indicatea affinitiea wtUi th« 
Oliooibicha. 0-1. Fmbwater and marine, doeely allied to it ii 
OamwmoTfKuM, Blocfamann. 

8d»«KDBB OuOOtBtCBA. 

In thii gioap the adonl lono 
ia alwaya situated at the free m 
anterior eztremit^ of the body. la 
nearly all foriue there are area* or 
tract! of the anrface of the bod/ 





free from cilia, and in a considerable number of genen there ara 
localiied turta of cilia {O^dopodhium) or spinoui proceaeei of the 
bodj-wall (pphryoicoUx). The body is very variable in ihape, and no 
particular form of it can be regarded ub cliaracteriitic of the aub- 
order. The suborder includce a large number of species [Tintihkoina, 
etc) of small size which occur in the plankton uf the aea and lakes. 
Thew animals very frequently exhibit curious und very characteriitic 
darting movement! alternating with perioda of immobility. Several 
genera are internal parasitet. The me)janucleus is usually a single larga 
oval body, and is accompanied by one niicronucleue. 

The Olioothicha are divided into the following families : — 
Family Liebbre^hniha (1), Butschli. Butscbli founded this tamilr 
to include certain spherical form* with a spiral adoral lone which wei« 
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nguded by ClftpaiMe «nd Lochmann uid LJeberkiUin u young ita^of 
S(«n((>r. FresbwftUr. 

Ftunily Ualtkrina, CL and L. jStromUfium, CL and L. More or 
Uh conical in ahape, mth a apital adoral lone of long and atrong cilia. 
There are in addition a few cilia on tlie Tentral surface. 0-04. Marina 
and freshwater. (Fig. QB.) rorgua(«Ua, Lanketter. Cloaely lekled to 
iStrom&iiJtum, but with adoral cilia united to form a membranoua collar. 
A Bupni-oral papilla. (Figi. 12 and 66.) Found aMoeialed willi the 
egga of TerebelU. HoiUna, Duj. Spherical in form, with tactile pro- 
ceMca Kattervd on Hie posterior hemiaphera of the body. It temaitu 
motionleas for aome time and then luddenly darta forward to another 
position, where it again awumea its immobility. 0'04. Freshwater. 

Family TniTiKKOUi^ Clap, and L. These are minute forms which 
build a gelatinoQS or ctdtinona protective shell or case. IVnttnnidMtm, 
Saville Kent. The case ia gelatinous and tubular, sometimes free, some- 
times attached to foreign objects. Freshwater. ZVntinntu^ Fol. With a 
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chitinons shell shaped like a tett-tube with a slightly constricted neck. 
0-3. Marine, rtnttnnoptu, Stein. Shell conical in shape, very thin, and 
sometimes strengthsneil by agglutinated foreign particles. OS. Fslagic 
plankton. CodoneUa, Uaeckel. Pot-shaped shell, ornamented with hexar 
gonal ridgea. (Figs. 67 and 68.) In some species there is an appatatua 
for closing the orifice of tbe shell. 01. Marine and rreshwuter. 
PtydiMylit, Brandt Marine. Pontla, Clere. Marine. Dietyoeyda, Ghrb. 
O'l. Marine. 

Family Ofbhtoboolccina, Stein, The following genera composing 
this family occur in the rumen of the cow and some other Artiodoctyla. 
Ophryo4eoUx, Stein. At the anUrior eztremitv there is a funnel-shaped 
peristome provided with many laige cilia. Sunning spirally round tha 
anterior end of the body there it an adonl niembranella provided with a 
few thick cilia. There is a well-marked anus. At tbe posterior end of 
the body there is a spinous prolongation of the cortex, and similar apinona 
processes occur in circular eleTations for aome coniidenble distance in 
front of it There are several contractile vacnolee. 01-0-3. EnMinum, 
Stein. Oral in form, with a apinoui caudal proeeaa. No spiral mem> 
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branella round the body. 003.012. Dvplodinivm, Scbuberg, diffen 




Pio. 60. 

the coecnm of the horse. Jf, 
megtniicIeQe ; m, micronnolene ; 
L, peculiar vacuolAted band by 
the tide of which it nitoated a 
row of contractile vacuolea. 
(After Ottnther.) 




Fio. 71. 

SHchonira paradoxa, Sterki. 
Length about *04 mm. Living in 
a cavity of a leaf which in extended 
forward by the addition of a tube (0 
built by the animal itself, c, mouth ; 
Jf, meganuclei ; c.v, contractile 
▼acnole. (After Sterki.) 

Tersely across the posterior 
between these two groups a 




Pio. 70. 

Diagrammatic transverse section through the bodv 
of a Hjpotrichous Ciliate in the region of the part- 
stome. a, membrane overhanging the month ; b, a 
ventral cirms ; e, a lateral cirrus. On the dorsal 
side are rows of stiff, bristle-like cilia. (After Sterki.) 

from EfUodinium in the presence of a 
portion of the adoral membranella on the 
left side of the body. The genera Oyda- 
podhiwi^ Bundle (Fig. 69), and DidumU^ 
Fior., from the coecuni of the horse, should 
be separated into a distinct family. 

Appendix. — ^The genus Maryna^ Gruber, 
is probably related to the Tintinnoina, and 
should be included in the Oli(k>tricba. 
The individuals live in colonies which form 
a system of dichotomously branched mucous 
tubes. Freshwater. 

Order Hypotricha, Stein. 

The genera included in this order are 
usually characterised by a well-marked com- 
pression of the body in the dorso- ventral 
axis. The dorsal surface has no movable 
cilia, but is usually provided with a few 
scattered, stiff, bristle-like processes of the 
pellicle (Fig. 70). The ventral surface is 
provided with a continuous covering of 
short cilia, arranged in longitudinal rows, 
in the more primitive forms (Urottyla^ 
PerxtTomu$\ or with more differentiated 
rows or groups of cirri and membranellae 
associated or not with small cilia. The 
most important of the cirri are usually 
arranged in three groups (cf. Fig. 1), one 
just behind the anterior margin called the 
frontal cirri, a row usually running trans- 
ventral surface called the caudal cirri, and 
number of abdominal cirri (3-10) arranged 
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in irregular rows or unevenlj scattered. The Hypotricha are usually 
found creeping on the surface of animals, plants, the scum of putrefac* 
tions, or the surface film of water. The progression is effected entirelj 
by the cilia or cirri on the ventral surface of the body, which are used 
like the legs of higher animals. The most modified form is SUehospira 
(Fig. 71), which is elongated in shape and uses its ventral cirri to 
crawl up and down a short mucilaginous tube which it constructs on 
the epidermis of plants. 

The Htpotbicha are nearly all small ('3 to *4 mm.) or very small 
(*03-*01 mm.) in size, and they are usually very active in their move- 
ments. The meganucleus sometimes exhibits a remarkable fragmentation 
during the intervals between the acts of fission as described on p. 372 
(Figs. 16 and 17). A majority of the genera have been described by 
authors as possessing either two nuclei or a single two-jointed nucleua 
It is probable that this double- or twin-nucleus condition is one phase, 
characterised by its considerable duration, in the process of nuclear 
fragmentation. Stylonychia and Euplotes each possess one minute micro- 
nucleus, but in most of the genera very little is known about the 
micronuclei. 

The order Hypotricha is divided into the following families : — 

Family Peritromina, Stein. PerUromuSj Stein. This is the simplest 
form of the Hypotricha, the ventral ciliation being uniform and dense 
and without any differentiation of stouter cilia or cirrL 0*1. Marine. 

Family Oxttrichina, Stein. Trichogaster, Sterki. 0*23. Fresh- 
water. Uroitylaf Ehrb. Elongated in form. Ventral cirri arranged in five 
or more longitudinal rows. Enlarged cirri in the frontal region and in a 
transverse row near the posterior extremity. 0*3. Marine and fresh- 
water. Kerona, Ehrb. Kidney-shaped. Six or seven oblique rows of 
small cirri on the ventral side. 0*15. Found creeping on the ectoderm 
of Hydra. EpielirUet, Stein. The number of rows of ventral cirri is 
reduced to ^ve or six, but there are no special frontal or caudal cirri. 
0'3. Marine. Stichotricha^ Perty. The anterior extremity is prolonged 
into an extremely flexible proboscis, on which the adoral zone is extended. 
Either free or attached by gelatinous tubes, which sometimes form den- 
dritic colonies. 0*1. Marine and freshwater. Stichospira^ Sterki. On 
freshwater plants (Fig. 71). Strongylidium, Sterki. Freshwater. Holo- 
itichci^ Entz. Two rows of marginal cirri, between which are two or three 
rows of cirri without special differentiation of frontal cirri. A tran verse 
row of caudal cirrL 0*4. Marine. Ampkisia, Sterki. With differen- 
tiated frontal cirri. Marine and freshwater. Uroleptus, Ehrb. Three 
well -developed frontal cirrL Sometimes rose or violet in colour. 0'5. 
Marine and freshwater. Sparotricha^ Entz. Similar to Spirotricha^ but 
the adoral zone does not extend beyond the middle of the proboscia 0*1. 
Salt marshes in Hungary. 

Family Plburotrichina, Biitschli. In this family the frontal cirri 
are well developed and usually eight in number. There are also specialised 
abdominal and caudal cirri. OnychodromuSf Stein. Three or four ab- 
dominal cirri. 0*36. Freshwater. Pleurotricha, Stein. Five strongly- 
developed abdominal cirri and a row of five transverse caudal cirrL 0'4« 
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Frahwator. tTa^frortytotEngd mann. ArowofMrenlweU-developedTatitrBl 
cirrL 0'3S. Freahwater. (TonoArnHtm, Starki. Very small perutoine. 
O'SO. Marine and freshwater. tTrosffmajKoiralewakj. Posterior end dnwn 
ont into a long caudal process. Eight abdominal cirri. 0'!4. Freshwater. 
Qqtneha,Ehrb. Fiveabdominalandfivecandal cirri. Caudal spinel uoallj 
present, but not well developed. OS. Frrshwater and marine. iStylo- 
i^kUo, Ehrb. The right margin of the peristome is bent in an 8-shaped 
cture. Three verj long caudal spines (Figs. 7S asd 73). 0-4. Fresh 
wat«r and marin& ifutno, SterkL Closely related to StybmytAvo. Freeh- 
wmtet. ^cttnotTMAo, Cobn. Peristome reduced in siie. The left border 




Tlou to CDCritinsDt. Tbc 
fiunlii of wuM initMr (<Ei) 
coUMtcd Id duntfn. ioin« 
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tnotlli noBOlB. (Altar Pni- 
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untni itdr : and b gmup nf live ^) fonnlni 
the tnuuiwM raw of cimlal irlrd. S, Bnphte 
karria, Stein. K IM. Ventnl view. Hi, luoath ; 
I. hnntrlchoni prDceun, 

bean a number of large niembr&uellae arranged in the form of a fan. 
0-1. Marine; 

Family Fsilotrichiha, BiltschlL Small forms in which the frontal 
and abdominal cirri are not clearly differentiated. BaUaAina, Eow. All 
the cirri are remarkably elongated. 004. Freshwater. FtOtAntha, 
Stein. Anterior end broad, posterior end more constricted. Very broad 
peristome. 01. Freshwater. Dipkurottyla, Roui. Freshwater. 

Family EopLOTiNAE, Stein. The principal character is the great 
reduction in the ciliation of the body. EuploUi, Steia (Fig. ?4, S.) Peri* 
itome extensive. Six or seven frontal cirri and a tronsveiee band of five 
cirri in the caudal region. OS. Freshwater and Marine. Diopkry*, Dqj. 
The peristome even more extensive than in EuploUs, reaching at for back 
as the row of caudal cirri. 0'1&. Marine. Urmychia, Sleia. The A^ontal 
dnri missing, O-I. MariiM. 
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Family Aspidisoina, Stein. Atpidiica, Ehrb. Tbe peristome is 
entirely on the left side. Marginal cirri completely reduced. Mega- 
nucleos band-shaped. (H)7. Marine and freshwater. 

Order PeritridiA, Stein. 

In this order the cilia are generally confined to a single spiral girdle 
situated at the margin of the adoral disc, and the vestibule. In Trichodina^ 
Oydoehaeta^ and Lienophora there is a second girdle of cilia at the aboral 
end. In some cases the adoral girdle of cilia is surrounded by a ridge or 
collar of the pellicle which is not ciliated, and in some species of VorHceUa, 
etc, this can be constricted above the adoral disc during retraction in a 
similar manner to the constriction of the margin of the disc of a sea- 
anemone. In Spirochtma there is a delicate spiral membrane at the adoral 
end of the body (Figs. 22 and 23), but it is difficult to determine whether 
this membrane should be regarded as due to a fusion of the cilia of a 
spiral girdle or to an exaggeration of a spiral collar. The general surface 
of the body of the Peritricha is naked. Nearly all the Peritricha are 
sedentary in habit during the greater part of their existence. The 
LiCNOPHOBni A readily leave their host and swim away. Many of the 
YoRTiCBLLiNA break away from their peduncles and form a new one 
when another suitable situation for attachment is found. The tubicolous 
forms leave their shelter if the food supply fails and seek another locality. 
It is probable, indeed, that none of the Psritricha are absolutely sedentary. 

In the more primitive forms the attachment is made by the aboiml 
disc, which acts like a sucker and can readily be released. The disc may 
be provided not only with a peripheral girdle of cilis, but also with an 
armament of hooks {TricKodina) or cirri (CyclochaHa). 

In Spirochcna and Ktnirochona (Figs. 3 and 22) the adhesive disc is a 
simple expansion of the body-wall, sometimes exhibiting pseudopodial lobes. 

The arrangement of the spiral girdle or collar may be either left- 
handed (scaiotrichous) as in the Licnophorina and Spirochonina, or 
right-handed (dexiotrichons) as in the other Peritricha with a spiral girdle. 

In Epii^lu and Opereularia the body is provided with a long rigid 
stalk or peduncle, and in CarcKetium and Varticella with a peduncle that 
is capable of very rapid spiral contraction. The genera Coihumia (Fig. 
81), Vaginieola, etc., secrete a shell or tube which is attached to some 
animal or plant, and in Ophrydium a colony of stalked individuals (Fig. 2) 
secretes a common mucilaginous investment 

The Peritricha may be either solitary in habit (Vorticella, Spirochona^ 
Oothumia) or associated together in colonies {Epittylit, Fig. 78, CarcKetium^ 
Ophrydium, Fig. 2). 

The mouth is usually situated at the bottom of a deep, ciliated, funnel- 
shaped vestibule (see Fig. 27), and may open into a globular phar3mgeal 
vacuole. The anus (cytopyge) usually opens near the mouth of the 
vestibule (Fig. 27X but is, with rare exceptions, only temporarily open. 
In Epittylii umbeUaria large nematocysts occur (Fig. 76), but these organs 
are absent in other Peritricha. 

The meganucleus of the Peritricha is usually a long, bent, horse- 
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shoe-shaped, or strap-shaped body. The micronucleus is, in the resting 

condition, extremely minute and difficult to observe. 
Only one micronucleus is. usually present in each indi- 
vidual. 

The order Peritricha is divided into the following 
families : — . 

Family Spirochonina, Stein. SpirochonOy Stein. 
(Fig. 22.) Attached to the gills of Gammarus by a sucker. 
Fio. 76. Mouth surrounded by a delicate spiral membrane, the 

Nematocyite of inner surface of which is partially provided with cx- 
Spiftyitt «»w- tremely minute cilia. Reproduction oy external cem- 

lorio. o, with the x- tr i ^ i. • i •.!_ i 

thread at rest ; h. mation. Meganucleus oval or spherical, with a clear 
SiSuiSed. CAOer ^^^® containing in the resting state a single chromatin 
Onef.) Each cap. body — the nucleolus (?). One to three micronuclei. 0*12. 
ffitnlthi*"' ^^'^ Gills of Gammarus. ^en^roc/iono, Rompel (Fig. 3). Adoral 

membrane in the form of a large wide-mouthed funnel, 
not spirally twisted. This is supported by four columnar thickenings 
which project as spines from the margin of the funnel. Meganuclens 
Bpherical. 3-4 micronuclei. 0*04. On the limbs of Nebalia. KefUro- 
ekonopsiSf Doflein. With multiple endogenous gemmation. Six micro- 
nuclei. Gills of Kebalia geoffroyL Chilodocona^ Wallengren. Maxillae 
and maxillipedes of Ebalia and Portunus. 

Family Licnophorina, Biitschli. Spiral girdle scaiotrichous and 
ciliated. Licnophoray Clap. Aboral sucker surrounded by a circle of cilia. 
0*12. Attached to several marine Invertebrata such as Medusae, Pelecy- 
poda, Polychaeta, etc. 

Family Vorticellina, Biitschli. Trichodina, Stein. Cylindrical in 
form, with an adhesive disc surrounded by a ring of cilia. 01. Found 
on the surface of Hydra, Sponges, Planarians, and other freshwater 
animals ; and also occasionally in the bladder of Frogs, Newts, and 
Fishes. Cyclochaeta, Jackson. With a ring of very long bristle -like 
processes just above the ring of cilia of the adhesive disc O'l. On 
Spongilla, on the gills of Scorpaena, Trigla, and Serpula, and on the 
surface of Asteriscus and Ophiothrix. Trichodinopsis, Clap, and L, A 
remarkable form, with a very much constricted oral extremity, causing 
the body to assume a conical shape. The whole surface of the body 
between the oral and aboral rings of cilia covered with long cilia. 0*13. 
Parasitic in the gut and lung of Cyclostoma. Scyphidiaj Lachmann. 
Cylindrical forms without a stalk and without an aboral ring of cilia. 
0*12. Attached by the aboral sucker to the skin of freshwater and 
marine Mollusca. Gerda^ Clap, and L. Cylindrical in form, with the 
oral region considerably constricted. Very (Contractile. When swimming, 
a ring of cilia is formed at the aboral end. 0*2. Freshwater. Hastatella, 
Erianger. With long spinous processes. Stagnant freshwater. Astylozoon, 
Engelmann. Free, with a pointed posterior extremity provided with 
two or three saltatory bristles. O'l. Freshwater. Vorticellaj Linnaeus, 
1767, emend. Ehrb., 1838. (Figs. 76 and 77.) This genus is now con- 
fined to those Vorticellids with a simple unbranched contractile stalk. 
A large number of species have been described, but as there is great 
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difficulty in dUtinguuhing between true tpeciBc cbancten and local 
rariatioiu, a great manj of the dMcribed (peciea are not genenllf 
recogDued u distinct. O'S in height, Counopolitan in fieahwaler, alio 
marine. CbrcAaium, Ehrb. With contractile, branched, and colonial 
(talks. The colonies iometimea 4 mm. in height Attached to freshwater 
plants and animsla in Europe and N. America ZwthanmMMiii, EhrU 
In Carcheaium eTery new indiridual that ii formed •eontee its own 
peduncle, and retains its power of independent contraction. In Zoa&am^ 
mwn, on the contrary', the peduncle of the parent ipliti daring flssion 
as far down aa the next branch, and the eolonj' retracts aa a whole. 
Indiriduali 0-08. Colonies sometimes several mm. in length. Marina 
and freahwatar. OlouaUlla, Biitschli. Stalk rer; rudimentary. An 
enormous undulating membrane round the 
peristomial margin. 0*04. Attached to 
Triton larrae. Epi*tyli*, Ehrb. Forming 
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colonies similar to those of Carehttiwii, but with non-contractile pedunclea. 
(Figs. 78 and 79.) Colonies 4 mm. in height. Individuals 0-8. Prinei- 
pally found attached to freahwatar animals. (Figs. 78 and 79.) Skabdo- 
ityla, Kent. Similar to Epittylu, but solitar;. -09. On larvae of Dipten. 
(^teroilaria. Stein. (Fig, 8(1,) The disc ia obliiiue, and the peristome is 
provided with an undulating membrane. Peduncle as in Spi*tyli*, branched 
and rigid. 0-2fi. Freubwater. CampantUa, Qoldfuss. The adoral tone 
of cilia greatly developed, forming five complete turns. 0-16. 
Colony 4 mm. Freshwater, Ophrydium, Ehrb. (Fig. 2.) Colony 
secreting a common mucilaginous teat 0-4. Freshwater. CoAttrnia, 
Clap, and L. Individuals secrete a cylindrical test, provided with a 
lid which can shut down over Che contracted individual (Figi. 81, 8S, 83.) 
0'4. Marine and freshwater. Cothvmioptu, Enti. Individuals usually 
more isolated than in Cothumia. Conuntuily found on the giUa of Aetaeoa 
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and othei frethwater Cmstacu. Probabi}' alao muine. Vaginieiiia, 
Glftp. and L. Tut of the sh&pe of a recumbent Boda-waUr bottle, O'l, 
Attached to frethwater plants. Lagenofhry*, Stein. Fonning a apherical 
mncilaguioaB Uat. 007. Attached to the gilla of Gammanu and AmUu*. 
Ntmatofodok, Saad. 

Afpemdiz to thb Ciliata. 

Family Tricboviiifhidak, Leidj. It ia a niatt«T of concideiahle 
difflcnlty, with our pieaent knowledge, to determine the exact relationa 
of this family. The long cilia, lome mobile and some immobile, the 
geneial shape of the body, and the endo-panuitic habit, suggest relations 
with some of the endo-paraiitio Holo- 
taricha. On the other hand, the absence 
of a definite moath, aHociated with the 
habit of eognlpbing solid food at indefinite 
parts of the generol surface of the body, 
is a condition which definitely separates 
them from any of the orders of the Ciliata. 
Hicronuclei have not yet been described, 
and it is therefore possible that they are 
homokaryote. 

The Thichoktxphidae occur in im- 
menee numbers in the intestines of certain 
Orthoptera, more particularly in Tennea 
flavipei. In IVvAonympAo (Fig, 11) the 
body is differentiated into three legioni — 
an anterior translucent knob, a middle or 
bell-shaped part, and a posterior part or 
body. The anterior knob is extremely 
aetiTe in the living animal, and constantly 
in motion. The shorter cilia of the 
middle region are active, and produce the 
movements of the body. The longer cilia 
of the posterior part are absolutely motion- 
less, and are laid to entangle particles 
which become subsequently engulphed by 
the protoplasm of this region (Porter). - ^^ _ 
In P^/nonympha the anterior knob is bjaddlateDUnientfatluepithalliiii- 
prolonged into a very delicate flUment, i^^^T^^t.^^^ 
which perforates the epithelium of the »ip«!tall»a (miucaUrDbsndnninini: 
intestine of the host and serves as a uUb. (Aitn Fortw.) x too. 
means of ^tachment. The ciliation of 
the body is, in this fixed form, very much reduced. 

The genera of Trichoktuphidae are : Lophomonos, Stein. The 
flagellate cilia are confined to a borBe-shoe-shaped crescent at the anterior 
end of the body. 0*03. Rectum of Periplaneta, Qryllotalpa. Ltidyo- 
nella, Frenzel. Anterior extremity prolonged to form a short neck, in 
other respects similar to Lophomonas. 0'4&. Bectum of Eutarmea. 
Trichonympha, Leidy. 'Body divided into three i^ons, all provided with 
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long flagfUate eflia. 0*18. Beetum of TemiML Jtwnm^ QiaaaL Simihr 
to LophomoDaa, but more elongated, and with a nnmber of ahoit nca- 
mobfle dlia at the posterior end. Beetum of GalloteRneiL i^i wwyjdba, 
Leidj. (Fig. 84.) With a long anterior flageUnm of attachment. 0*1. 
Beetiim of TermeaL DiiMitnympAo, Leidj. More elongated than Pjrno- 
njmpha, and apiraDj twisted. 0*1. Bectnm of TermesL 



CLASS AC1N£TARIA, Lamksstxr 

The majority of the animals iDclnded iA tiiis class are per- 
manently or temporarily sedentary in habit. It seems probiide^ 
however, that some of the species of the genus Sphaeropknfa may 
be permanently free. 

The characteristic feature of the class is the possession of the 
organs known as Suckers, Tentacles, and Arms. The mor|^ology 
of these organs is discussed in another place (p. 370). 

In Bhynceta (Fig. 13) there is only one sudcer, and in HypoeamOj 
which may be only a persistent hrval form, the single central 
sucker is supplemented by a patch of cilia on the same aspect of 
the body. In Sphaerapkrya the body is fomished with a few 
suckers evenly distributed, and in the pedunclilate Adnda there are 
numerous suckers scattered on the surface tnat is frea In some 
species of Ephelota the suckers and tentacles are evenly distributed 
on the free surface, whilst in Tokophrya, Podophrya, and SoUnopkrya 
the suckers are restricted to three or four bunches at the angles of 
the disc In DendrocomeUs these bunches of suckers are represented 
by 4-6 arm-like processes of the body-wall, and very probably the 
1-4 arms of the remarkable genus Opkryodendron have a similar 
significance. 

The attachment of the individual to the host or to some foreign 
weed or other substance may be effected by a broad flattened base 
as in DendrocometeSj Dendrosoma, Solenophrya^ or by a stiff cuticular 
peduncle with a protoplasmic core as in Acineta and Podophrya, 

There is, as a general rule, no mouth, the food being held by 
one or more of the suckers and the dissolved products passing 
down the suckers into the general protoplasm of the body. 

The body-wall is covered with a thin pellicle which is in many 
forms finely loricate. Some species have the power of withdrawing 
themselves from this pellicle, which is left behind as a shell, together 
with a certain amount of cytoplasm. They then develop a temporary 
covering of cilia and swim away to a more suitable locality. The 
cilia disappear when the individual again becomes fixed. This has 
been observed in DendrocometeSy but it probably occurs in other 
genera as well {Podophrya and Metacineta). 

The peduncle of the Acinetaria appears* to be formed as a 
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secretion by the pellicle of the inferior surface of the body, and it 
is never contractile. In many forms it expands distally to form a 
saucer-shaped expansion (Podaphryaf Ephdota) for the support of the 
body or (Metacinda) a protective cup for its reception during 
retraction. 

A large number of the Acinetaria are epizoic in habit, and very 
frequently a particular species is only found on one genus of host 
For example, Bhynceia occurs only on the abdominal appendages of 
Cyclops, and Dendrocometes on the gills of Gammarus. The species 
of Ephelota are frequently associated with particular species of 
Hydroids ; Stylocometes is usually found on the gills of Asellus, but 
has also been found on the colonies of Ophrydium. The species 
of Acineta are usually found attached to water weeds. Some species 
of Sphaerophrya after a brief free-swimming life in the water attack 
various Ciliata and become parasitic Endosphaera is parasitic on 
Foriicellina and some Acinetaria. The phenomenon of conjugation 
has been observed in Dendrocometes^ Podaphrya, Tokophrya, and 
probably occurs throughout the group. In Podoph-ya the discs of 
two neighbouring individuals are brought together and fusion of 
the protoplasm of the two is thus effected. In Dendrocometes and 
Stylocometes^ however, a special pseudopodium from the body-wall 
of each of two neighbouring individuals is produced, and these 
meet and fusion takes place. It would be interesting to know 
what stimulus causes these processes to form at the same time and 
grow together. Th^ reproduction is usually brought about by 
genunation. In the parasitic species of Sphaerophrya a division 
into two equal halves takes place soon after the parasites have 
reached their full size. This is followed by a rapid series of equal 
divisions, and finally the spores that are thus formed develop suckers 
and escape as small free-floating individuals. At this stage a 
division occurs into two almost equal segments, but the smaller of the 
two is provided with suckers and cilia, and may be regarded as a 
bud, while the larger, which has suckers but no cilia, may be regarded 
as a parent. There is, however, no sharp line to be drawn between 
the processes of fission and gemmation in these animals : they are 
probably of essentially the same nature. But the case of Sphaero- 
phrya is interesting as it exhibits two phases of the reproductive 
processes (fission in the parasitic form, gemmation in the free) which 
are very closely related, but sufficiently distinct to justify a different 
nomenclature. 

In the stalked forms Podophrya and Metadnetay the disc divides 
horizontally into two almost equal parts, but the distal part is 
ciliated and has no suckers, whilst the proximal part attached to 
the stalk has suckers and no cilia. In Dendrocometes there is a 
division into two approximately equal parts, but in this case the 
smaller ciliated part or bud is separated from the other internally 
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and remains for a Httle whOe free inside a chamber (brood chamber) 
of the other part or parent^ which is provided with arms and is not 
dliated. The applicadcm of the terms " gemmula " and " parent " 
to the two parts in this case is clearly appropriate. 

In many species of Ephdoia a number (6-16) of gemmulae are 
formed at the free surface of the disc, and these may be ciliated 
(fig. 14), or provided with tentacles and a small special disc of cilia 
(Fig. 96), when they are set free. Finally, in some species of Adneta 
and in Ophryodendran, several ciliated buds are formed in a chamber 
similar to the chamber containing the single bud in Dendrocameies. 

The free-swimming buds of the Acinetaria are frequently called 
the " embryos," but as this term may lead to a misunderstanding as 
to their origin, it is better to call them simply buds or " gemmulae." 
The gemmulae are sometimes oval in shape, as in certain species 
of Sphaerophrya, Podophrya (Fig. 20), Ephelota^ etc ; spherical, as in 
certain species of Tricliophrya ; or plano-convex, as in Dendi-ocomdes, 
As regards the ciliation, they may be holotrichous, as in Tckophrya 
dongata; or hypotrichoas, as in Hypocoma^ Ephelota gemrmpara^ 
etc. The form of ciliation which is most commonly met with is that 
<rf a broad band or girdle encircling the equator of the gemmula, 
or two or more narrow bands arranged in a peritrichous manner as 
in Dendrocometes and Dendrosoma (Figs. 86 and 33). 

The method of feeding of the Acinetaria is remarkable. The 
suckers have the power of seizing and holding fast Ciliate and other 
Protozoa of considerable size. This power might be explained on 
the supposition that they can exert a sucking action, but there can 
be no doubt that the prey is not only held fast but also stunned 
or paralysed in some way by the Acinetarian. Very soon after 
the prey is secured very small globules may be seen passing rapidly 
down the sucker (or arm) into the cytoplasm of the disc, proving 
that the paralysis of the prey is quickly followed by the digestion 
of its protoplasm and its absorption in a liquid form. 

Very little is known about the encystment of the Acinetaria. 
Some species of Podophrya and Ephelota form cysts which are 
probably more resistant to unfavourable physical conditions than 
the active phase of life. Dendrocojjietes, however, and probably 
other genera, may be found at all times of the year, and never 
show any signs of encystment. 

There is considerable difficulty in dividing the Acinetaria into 
families, as the whole life-history of very few species has yet been 
worked out. Sand has shown that Podophrya gelatiiwsa, Buck, passes 
from the ciliated gemmula into a stage similar to Sphaerophrya, 
and that from the Sphaerophrya stage it changes into a form like 
Trichophrya before it assumes the adult Podophrya form. In this 
stage it may separate from the peduncle, become ciliated again, and 
then change into a Sphaei'ophrya and reproduce by fission or develop 
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a new stalk and return to the Podopkryu condition. If other BpeciH 
have a similar life-hiatory, aa ia verjr probable, our claaeificatioa 
must be regarded as quite provisional. 

The Acinetaria contain the following families according to th« 
classification of Sand : — 

Family Dbndrocometina, SUiii. Epizoic Acinetaria of medium 
siie without a peduncle. Hemispherical or lenticular in shape. Numeroni 
tentacles arranged in leveral bundles, the individual tentacles being fused 
together for the greater part of their course to form the "arms," but 
independent at their fi-ee extremitiea Each coutaine a single contractile 
vacuole. Reproduction by the tormatioi 
DtndrocomtUt, Stein, is found on the 
gill* of Oammarus pulei. In Europe 
the gills of this species appcnr to be 
very rarely free from this epi20on, and 
» bear tliem in great numbers 
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(Fig. 86). StyioanneUi, Stein, is found on the gills of Asellus aquaticus 
and, rarely, on the gills of Oammarue and on colonies of Ophrydiuin. It 
differs from Dendroeometa in having more numerous arms (10-lS). 

Family Dbndrosomina, BtitschlL Characterised by the lobed or rami- 
fied form of the body, each lobe or branch bearing a number of suckers. 
There is no peduncle. TricJu^krya, Clap, and L. The body is lobed, ovoid, 
or liemiepherical in shape. It is sometimes attached at one point or disc, 
but sometimes free and amoeboid. When the body is distinctly lobed 
the suckers are confined to the free ends of the lobes ; in other forms the 
tentacles are more irrej^ularly scattered. There are nine species, and they 
are found on the gills oi Ssh (perch and pike), on tlie abdominal segments 
of Cyclops, on Epistylis, 'Jonferva, Anacbaris, on Salpa, on Algae, Hydroids, 
etc. DendTOmma, Biilschli. This form (Figs. 33 and B7) reaches to a 
considerable size, S'4. In its fully developed condition it consists of a 
number of long lobes of branches rising from a creeping stolon. There ia 
a continuous axial meganucleus extending throughout the branches of the 
stolon and the upright lobes. At the extremity of each lobe there is t, 
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cluster of delicate aucken. Seproductioa is by means of endc^^oiu 
gemmuke and bj external non-ciJiated fragroenti whicb break off from 
the' lobes and give riae to new individual*. They are found on Anaeharia 
and Uyriophyllum. 

Family Opbrtodbndriha, Stein. OpAr^ouIron, Clap, and L. 
The body is uaually oval or columnar in shape. It ia fixed at the 
poaterioT extremity. With or without a peduncle. At the anterior 
extremity there are one to four proceBae« of the body provided with 
nomeroua atyliform tentaclea. The animal produces by internal 
gemmation numeroua gemraulea with peritrichona cilia. 0-84. Harinc 
Attached to Hydroida, Algae, and the limtw of Crustacea (Fig. 87). 







ffix'"f 




n shape, with a aingle 
1 the ventral side. Hyp<h 
toma, Oruber. 0046. On the peduncles of vafious marine Vorticellida. 

Family URSCLINA,FraiponL .RAi/nrrfo, Zenker. (FiR.ia.) Cylindrical 
in form, with one long sucker. No cilia. 0'09. Freshwater. Attached 
to the limbs of Cyclopx, nnJ the gills of GamniaruB. Vmula, Clap, 
and L, Urceokte lest. Body oval or spherical. One or two filifonii 
tentacles, Geniniula holotrichous. 'IS. On tlie peduncle ot Epistylis 
plicatili.s. Aeindojmg, Robin. Cupuliform test attached by a abort 
peduncle. A single flexible tentacle. '08. On Sertularia. 

Family Podophryisa. Podophnjn, Biitschli. Pedunculate. Body 
spherical, with numeroua leiilacles scattered over its distal surface. A 
single gemmula formed at a time. -08. Freshwater. Sphaerophrya, Clap, 
and L. (Figs. 88 and 89.) Non-pcdunculote. Spherical in form. 
Numeroua scattered suckers. Sometimes endopnrasitic on Paramoecium, 
Stylonycbio, etc. '08. Freshwater. EndoKpharm, EnRelniann. Life- 
bietory little known, but in S'lult stage probably wholly endoparasitic on 
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Vortieellidj and Acinetuia, JmtMiop&rya, £6ppen. (Fig. 90.) With 
a circlet of tentacle* and a ipiral gioove provided with cilia in the frea 
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Family Metaciket]i.a, Biitschli. AUlacinela, BuUchti. Body 
capable of beii^ completely retracted into tbe conically eipnnded 
termination of tlie peduncle. 0-7. FresbtraUr. 
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Family Acinbtima, Bubchli. flnWOTo, Sand. Animal attached by 
a small protoplaamic knob. Numerous sncken at the anterioi eitt«mit;. 
Several enOogenous gemmules formed at one time. '16. Freihwater. 
Totopftrva, Biitschli. (Figs. 91, 92, 93.) Pedunculate, but with the 
saucer-shaped terminal expansion absent or slightly developed. Suckan 
fasciculate or dispersed. Endogenous gemmation. '25. Freshwater and 
marine. Adneta, Ehrh. (Fig. 94,) Pedunculate, with well-marked 
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terminal expansion of the peduncle. '3. Marine and freshwater. SoUno- 
phrya, Clap, and L. With terminal expansion of the peduncle globular in 

Family Ephei.otima, Sand. Ephtlota, Wright. Tentacles and 
■ucliers un the anterior aurface. Reproduction by multiple eiogenous 
gemraulae (Figs. 21, 34, 97). No terminal Hipanaion of tha peduncle. 
'25. Marine. Potlotyuthiu, KenL Small conical expansion at the 
summit of the peduncle. Reproduction by one or two small tentaculate 
gemmulae. -05. On marine Bryozoa and on Campanuloria. 



BIlUcMi. 0. Infusoria. Bronn's Klassen und Ordnnngcn <Ies Tbierreichs, 1889. 
The followinf; memoirs han appeared since the publication of Butschli's work, 
■nd vill be found of use to students wisliing to obtain farther inrurmation about 
the group : — 
<Mlcint, O. F. Studies on tlie Life-hUtory of the Protoioa. Part 1. Arch. 

fiir Etitwiiikeluiigsmechanik, xv. Part II. Arch, fiir Protistenkunde, 1, 

Part III. Biol. Bullotiii, iii. 
le DanUr., F. La ri'g^ui-rstion du micronucl^us chez quelques Infusoirei cilijs. 

Compt. Reiid. Vib. 
Dajttin, K Stiidioii ;;Hr Neturgeschichte der Protozoen— I. KintraJuma ntbalia*; 

II. Kenttvdumo]i*it miillipara. Zool. Jahrb, 10. 
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Greenwood, M. On the Comtitiition and Mode of Fonnation of " Food Vacuoles '* 
in Inftiioria, as illnstrated by the History of the Process of Digestion in 
Cfareheiium, Trans. Boy. Soo. 185. 

On Stmctural Change in the Resting Nuclei of Protozoa. Jonrn. 

Physiol, zz. 

Oltnthir, A, Untersnohnngen iiber die im Msgen nnserer Hauswiederkaner 

▼orkommenden Wimpsrinfnsorien. Zeitschr. wiss. Zool. 65. 
Siekoon, S» J, Dendroeomsie$ parxuioxus. Part I. Conjugation. Quart Joum. 

Micro. ScL 45. 
ffoyer, H, Ueber das Verhalten der Kerne bei der Eoigugation des Infnsors 

Colpidium eolpoda. Arch. mikr. Anat. 54. 
Ishikatoa, C. Ueber eine in Misaki vorkommende Art von Sphdota und iibar 

ihre Sporenbildung. Journ. Coll. Tokyo, 10. 
Johnson, H, P, A Contribution to the Morphology and Biology of the Stentors. 

Joum. of Morphol. 8. 
JoukovDiky, D, Beitrage zur Frage nach den Bedingungen der Vermehmng and 

des Eintritts der Conjugation bei den Ciliaten. Verb. Ver. Heidelberg, 

N.F. 6. 
Kiiippen, Remarks on the Infusoria tentaculifera. Mem. Soc. Nat. Odessa, ziii. 

2. (In the Russian language.) 
Lillie, F. On the Smallest Parts of Stentor capable of Regeneration. Joum. of 

Morphol. 12. 
JiaupaSf E. Le n\jeunissement Earyogamique ches les Cili^ Archiv. Zool. 

Exp. 7. 
Porter, J, Trichonympha and other Parasites of Termes flavipes. BulL Mus. 

Comp. Zool. 31. 3. 
Prowazek, S. Protozoenstudien — 1, Burmria truncaUlla und ihre Conjugation ; 

2, Beitriigo zur Naturgeschichte der Hypotrichen. Arb. Zool. Inst. Wien, 11, 
Jtompel, J. Kentroehona nebaliae: ein neues Infusor aus der Familie der 

Spirochonincn. Zeitschr. wiss. Zool. 58. 
Sand, R £tude monographique sur le groupe des Infusoires tentaculif&res. 

Brussels, 1901. 
SchewioJeoff, W, The Organisation and Systematic Arrangement of the Infusoria 
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Abramis braina, 294, 339 

abscess, 289 

Acanthias acanihias, 339 

— vulgaris, 339 
AcanUiis caniiabina, 347 
Acanthometra, parasites of, 

423 
Acanthospora, 201 

— pileata, 201, 336 

— pdymorpkaf 335 

— repel ini, 338 
AcarUhosporUlae, 190, 201 
acarlne, 316, 337 
Acephalina, 173, 175, 176, 

192-196 
Acerina cer«tw^ 339 
cuxHna^ {Plcisiophora)^ 339 
acervuliue tests, 58 
Acheta abbreviatOy 332 
(Khetae - abbreinatae ( Ore- 

garina), 332 
Achratnaticulaey 265 
Achromatictis, 265, 270 

— vesperuginuSf 270, 351 
A chromatin of meganucleus, 

374 
Acineta, 418, 425 
Acinetaria, 418 
Acinetina, 425 
Adnetopsist 422 
aeridiorum (Oregarina)^ 

836, 337 
Actiniaria, parasites of, 405 
Actinobolina, 399 
Aciinoboliui, 398, 399 
Actinocephalidaey 190, 198, 

200 
Actinocephalinaet 199 
Actinocep/uUuSy 200 

— newt, 200, 333 

— actUispora, 337 

— digitatm, 333 

— dujardini, 332 

— hicani, 200 



Adinocephcdus Hp., 333 

— atdlif&rmU, 200, 333, 
335, 336 

— tiptdae, 337 
Actiiunnyxidiay 27 5 1 298 
ActbwphrySy 161 
Actinotricha, 412 
actinotus {UregaHna), 332 
.lc^in7(ru« neptuniHS, 325 
Actitis hypolcuciiSy 347 
acus (ActinocepJudiui\ 200, 

333 
acuto {(ilugea), 206, 343, 
344 

— {Oregarina), 337 
ocic^Mj'^m {Actinocepha- 

lus), 337 
Acystis, 230, 270 
-^cy^/oiporea, 241, 267-270 
Acystosporidia, 264 
^l(/eZ<!a, 229, 233, 234, 256, 

257, 273 
-- aA;trfm»^ 207, 233, 332, 

335 

- dimidiala, 233. 235, 332 
)n«ntft, 206, 223, 224, 

233, 337, 359 

- ovata, 210, 213, 217, 
222-224, 228, 230, 233, 
332 

- simplex, 283, 334 

— tipulae, 233, 337 
Adelosinoy 89, 91, 143 
Aegyria, 400 

aestivo • autumnal fever, 

241 
affinis {ffyalospora), 335 
affinities of Sporozoa, 321* 

323 
Agelaeus phoeniceus, 347 
Aggregata, 196, 272 

— caprellaey 329 

— codiYinica, 188, 331 

— coi\formiSy 153, 331 
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Aggregaia dromiae, 330 

— nuxutUf 330 

— portunidarunif 196, 329, 
331 

— praemorsoj 153, 329 
AggregcUidae, 196 
a^i/i« (Legeria), 200, 333 

— {Uptotheca), 293, 280, 
281, 843, 344 

— {Mo)wcystU)f 154-164, 
193, 328 

Agrionptvella, 201, 832 

AgrioJiidae, 201 

ague, 241 

akidium {Adelea\ 207« 

233, 332, 335 
Akis acuminata, 332 

— cUgeriatiOy 332 

— sp., 192, 202, 207, 832 
Alauda arven^, 347 

A Ibumus alburnus, 295, 
339 

— mtrandeUa, 339 
Alcedo ispida, 347 
^/cu>pe sp., 196, 326 

A Iqfoncellum fungotum . 

276, 328 
algeriamis {CystoeepfuUtu), 

202, 336 
Alligator misaissipiemis, 

345 
Alldobophora terrestris, 327 
AllomorphinOf 144 
^toja, 339 

alpina (Barrousna), 332 
alveolar sheath, 365 
Alveolina, 110, 138, 137, 

139 143 
.4/t^l'nuto^, 110, 143 
^mara cuprea, 332 
amarae ((oregarina), 332 
amaroecii {Lankesteria), 

339 
i4 nmroecium punctum, 339 
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295, 342 
unitosia, 16, 298, 876 
Amiwryu miku^ 339 
Ammoditeui, 85, 142 
Ammodiftes tobianuSf 339 
Antoeba, 40, 322 

— pigfnent^era, 325 

— aagitiae, 325 
Amoebidium, 813, 314 

— eieNi»i«sik»dntt»H 329, 
830, 331 

— erassumf 380 

— moniexiy 329, 330 

— panuUicmny 313, 314, 
329, 330, 336 

Amoebogenifte, 168 
Amoebophrya, 423 
Amoebo:tporidia, 167, 177, 

191 
amoebula, 239, 243 
Amphibia, sporozoan para- 

aitea of, 208, 240, 275, 

844, 845 
Amphieorine, 145 
Amphiglena )nediterraneaf 

316, 326 
amphigony, 210 
Ampbileptina, 400 
AmphileptuSy 400 
Atnphimarphina, 145 
ampkiont, 76, 210 
amphioxi {Branchiocystis\ 

238, 339 
Amphioxus^ 169, 194, 238, 

275, 339 
Amphiporus antciattiSf 325 
AmphisiOj 411 
Ampkistegina, 53 (foot- 
note), 126, 146 
AmphistomcUidae, 141 
Amphiimna, 81, 82, 141 
Amphordla^ 199 
AmphoroideSt 199 

— polydesnU, 199, 332 
anaemia, 209, 242 
Anas hoschas^ 347 

— clypeatOy 347 

— domtsticcL, 347 
^ncAiwi'na, 195 
Ancistrodon piscixxtnUy 345 
^ncoro, 195 

— aagittata, 195, 326 
ylncyropAora, 190, 201 

— gracilis, 201, 333, 337 

— nncinata, 201, 333, 334, 
335, 337 

Ancystrvm, 403 
Angiosporea, 189, 196 
Anguiila uUgatiSf 340 



An^iitUMto mifitmo, 265 
AnguufragOis, 282, 345 
aniaogamy, 165, 184 
Anndiida, paraaitea oU 404, 

406 
annular canal, 100 
anntdaJtum (Sdenidivm), 

827 
anomala {Qlugea\ 278, 

281, 286, 341, 342 
Anomcdifuit 146 
Anophdu daviger, 249 

— spp., 249, 250, 253, 
262, 332 

Ancplaphrya, 401, 404 
Anner dcmuticus^ 347 
Antherea pemyi, 332 
AfUhocephalus^ 199 
/ln/Aor£y}tcAfna«, 199 
i4nM(yrAyncAf<j^ 199 

— sophiae, 199, 338 
i4n/Araiti« muMorum, 332 
Anura, 275 

— paraaitea of, 404, 405, 
406 

anus, 368 
ape, 267, 350 
aphidii {Neozygitis), 835 
Aphis amndinis, 882 
Aphodius nitidtUuSj 338 

— prodromus, 333 
Aphredoderus sayanus, 

340 
aphroditae (Doliocystis), 
175, 177, 203, 326 

— {Afonocystis), 175 
Aphrodite, 203 

— acuUata, 177, 326 
^^ronno, 146 
Apiosoma, 265, 269 

— piscicolay 269 
^^ii meili/era, 333 
Aplosporidia, 309-311 
Aplosporidinm, 311 
appendiculata {Cerato- 

myxa), 280, 342 
.47>t4« aj9U4, 347 
Arachnida, sporozoan para- 
sites of, 206, 337 
aragonite, 54 (footnote) 
Aranea diadema, 337 
ArchaediscuSf 146 
i Archer, 80 

[ Archiacina, 100 (footnote) 
Archiannelida, sporozoa of, 

326 
archispore, 204, 220, 229 
I archoplasm, 9 
I arcuata {Ceratomyxa), 340, 

342, 343 
' arenaceous testa, 52 



Arenaria ifiterpres, 847 
Argntinsky, 240, 246, 248 
Aricia latreiUei, 315, 326 

artnata {Ooryeella), 174, 

201, 334 
anna, 371 
Arthropoda, 205, 206, 207, 

276,297 
AHiculiiuij 93, 148 
Artiodactyla, paraaitea of, 

403, 409 
Asearis lumbriooidea^ 825 

— mystax, 276, 325 
AsehemofieUctf 141 
<ueidiae{LankesUria), 161, 

170, 171, 172, 180, 185. 

194, 339 
Ascosparidium bloehmanni, 

309 
Asellus, Ciliate parasite on, 

417 
Asellus aqnaticuSy 329 
Ashwortl^ 885 
Asida grisea, 333 

— servillei, 333 

asidae (Eirmocystis), 383 
Asio otust 847 
asperospora {Bertramia), 
810, 311, 325, 326 

— {Olugea), 309 
Aspidisca, 413 
Aspidiscina, 413 
Aii>lanchna priodonta, 825 

— sp., 325 
Asporoblastea, 229 
Asporocystea, 229 
Asporocystidae, 229-231 
Assilina, 60, 147 
association, 157, 177, 228- 

225, 273 
A stoats astacus, 329 
Astasia, 822, 823 
Asterophora, 200 

— elegans, 200, 336, 887 

— mucnmata, 200, 336 
Astrarhiza, 54, 83, 141 
Astrorhizidae, 52, 141 
Asirorhizidea, 52, 55, 82, 

139, 140, 141 
Astylozoon, 414 
astyrae {Glugea), 338 
Athene noctua, 347 
Atherina hepsetns, 340 
Attaciis pemyi, 333 
Attagenus pellio, 172, 888 
A udouinia JUigera, 203, 

326 

— lamarcki, 326 

— sp., 175, 203 

— tentaculata, 326 
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Aves, sporozoan parasites 
of, 847-350 (see also 
Birds) 

avium {(3occidxum\ 347- 
849 

— {LankestereUa), 266 
axis of construction, 87 

Babeiia, 269 

— bovis, 269, 850 

— oviSt 351 
baeUryfera {Cyianu>Aa\ 

270, 345 
hcdani ((Jregarina), 829 
BtUanoglosnu htpfferi, 889 
BalarUidiopnSf 406 
BalarUidium, 405, 406 
JkUanus improvisut, 329 

— per/aratut, 253, 329 

— pusillus, 329 

— /in^mnafru/um, 829 
Balbiani, 275, 375 
BaUnania, 301, 808 
te^dumu (i^pAoenMnyasa), 

287, 340, 342 
BaUadina, 412 
BananeUat2S7 
» tocosM, 237, 332 
barbel, 276 

Barbus barbut, 296, 840 
—Jluviatilis, 840 
barillet, 222 
Barroussia, 229, 288 

— alpina, 882 

— caudata, 226, 227, 233, 
332 

— onuito, 230, 238, 234, 
335 

•>— tehneideri, 233, 332 
Bathysiphon, 52, 141 
Batrachoseps cUtenuattu, 

270, 344 
BdeUoidina, 142 
Beddard, 205 
Beloides, 190, 200 
—Jirmus, 175, 201, 334 

— <«iMw, 201, 334 
Belane acuSf 340 

— Won*, 340 

— vulgaris^ 340 
bdoneides (Lobianehella), 

196, 326 
Benedenia, 284, 235, 257, 
262, 267, 859 

— «feer<At, 234, 227-229, 
338 

— octopiana, 234, 838 
benign fevers, 241 

bergi (PUeocephalua)^ 385 
Bertram, 300, 309 
Bertramui, 309 



Bertramia asperospora^ 310, 
311. 325, 826 

— eapitellae, 809-311, 826 
Bibio marci, 176, 199, 388 
Bifarina^ 144 

biformed testa, 58 
BigentriTia, 114, 144 
bigemina (Ootissia)^ 339 

— {Haemogregariiia), 255, 
267, 340 

— {Klossia), 381 
bigeminum ( Coccu^ium), 350 

— {Piroplasma), 242, 255, 
262, 269, 338, 850 

Billet, 246 

bilUti {Ifaemogregarina)t 

346 
Biloeulina, 53, 87, 89, 90, 

137, 142 
binary fission, 255, 271, 

291 
birds, sporoioan parasites 

of, 231, 241, 242, 268, 

847-350 
black spores, 253, 274 
Blanchard, 207, 209, 232, 

285, 237, 288, 308 
Blanchardia, 812 
BlanehardinOy 312 

— cyprieola, 812, 329, 830, 
331 

Blapa magicot 177, 888 

— mortisaga, 175, 186, 
187, 317 

blast, 251 
blostopbore, 251 
bUUtaioritntalia (Grtga- 

rina\ 836 
bUUtanim (Oregarina)^ 196, 

197, 336 
Blennius nunitaguiy 340 

— oceUatus, 340 

— pholis, 340 

— sp., 279 
blenny, 240, 267 
BlepharismOt 405 
Blepharocod(m^ 400 
BUpharocorySf 402 
blepharoplast, 11 
BfepharoprosthiviHy 400 
Blepharotphaeraj 400 
BlepharosUnna^ 402 
filochmann, 79, 408 
blochmanni {AscoAporidi- 

um), 309 
blood-corpuscles, effects on, 

240, 242, 245 
BoHvincL, 144 
bombyeis {Olugea\\^T y 276, 

288, 290, 291, 297, 333, 

334 



Botfibyx viori, 288, 833 

bone, 277 

bone -marrow, 240, 242, 

248, 255 
BoneUia viridis, 196, 328 
bondliae (Qp^ioirftna), 196, 

328 
Bonnet-Eymard, 280 
BonphUus bovis, 262, 387 
Borget, 428 
BorUuia olivacea^ 325 

— octoculata^ 325 
Boa taunu, 360 
BoieUina, 141 
BoUUua, 812 

— daphniae, 330 

— parvui, 329, 830 

— sp., 826 

— typicus, 312, 329, 380 
Bothriopns, 200 

— histrio, 200, 885 
Jiothrops sp., 345 
Bourne, A., 9, 379 
Boveri, 9, 10, 44 

bovis {Babesia), 269, 350 

— {Hannatocats), 269 
Box boifps, 340 

— talpa, 340 
Braehiontu amphicerot, 825 

— odn, 325 

— pala, 325 

— urceolariSt 325 
Brackycodium, 276, 325 
Brady, 58 (footnote), 112 

140 
Bradyifia, 142 
Branchioq^stiSt 238 

— amphiatiy 238, 389 
Brauolis attyra, 333 
6revw (^Tfnn^tyaX 841 
brood chambers, 73, 112 
brown spores, 253 
Bryozoa, parasites on, 425 
bryotoidea (Oltigea), 276, 

328 
BiibalM sp., 850 
Bubo virgiiiiamia, 347 

— sp., 347 
budding, 291 
Budytea Jlavus, 847 
Bii/o agua, 294, 844 

— lentiginoaus, 294, 344 

— marimtSf 344 

— sp., 344 
Brdimina, 126, 144 
Buliminidat, 144 
Bundle, 364 

bungari {Ifaemogregarina), 

345 
Bungarus faiciatuSf 845 
Burrows, 116 
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Bwnaria, 405, 406 
^ coigogatioii of, 890 
Bwnaridium^ 406 
Bnnarina, 406 
BuUotmUo, 847 

— vulgaris, 847 
Biitachli, 7, 50, 57, 111, 140, 

168, 275, 822, 866, 879, 
897, 401, 408, 421 
BiiUchlia, 896. 897, 400 
bUttchlii {Ophryoeystis), 
187, 192, 288 

Oaenomorpha, 408 
Oaenomorphnia, 408 
cftlcareoiu tests, 58 
CaUarina, 57, 120, 146 
Cftlcite, 54 (footnote) 
CaleUuba, 112, 143 
Calidria arenaria, 347 
Calkins, 887 

OaUidina parasitica, 326 
Callionipnus lyra, 340 
Calliphora vomitoria, 838 
CaUyntrochlamys, 194 
— pkronifnae, 195, 331 

— sp., 831 

Calopteryx virgo, 201, 333 
eamtnilUrii {iJiplospora), 

281, 346 
CampaneUa, 416 
Campa>sc%Uj 141 
canal system, 56, 65, 126 
canalicular skeleton, 56 
Cancer paguniSj 329 
cancer parasites, 320 
CatuUina, 138, 145 
Candona Candida, 312, 

329 
Canis /amiliariSf 350 

— [IHroplasma), 242, 270, 
337, 350 

Cannnbina li}U)ia, 347 
cannibalism and infection, 

221, 307 
Canthocamptus minutiis, 

329 
capitatus (ComeUndes)^ 201, 

335 
Capitdla capitata, 195, 205, 

309, 326 
capitellae {Bcrtramia), 309- 

311, 326 
Capitellides giardi, 326 
Capra hircus^ 350 
Caprdla sp., 329 
caprdlae {Aggregata), 329 
capsule, polar, 284 
capsulogenous cell, 284 
Carabus auraius, 201, 833 

— glabratus, 200, 333 



OaraJbus violaeeus, 201, 888 
Ckuranx traehmrus, 840 
Cksrassius oaroisius, 840 
Oarehesium, 418, 416 
eareinomatosus (RhopaUh 

cephalus), 820 
Carcinus maenas, 196, 829 
Cbrrfue/M oortfue^M, 847 

— elegans, 847 
Carine noctua, 847 
Carindla annndaia, 825 
carminophiloas granulei, 

182 
carp, 276, 278, 290 (see 

also Cyprinus) 
Carpenter, 47, 54 (footnote), 

57, 107, 122, 134, 185 
Carpenteria, 146 
Carterina, 142 
cartilage, 277 
caryolytica {Cydospara), 

208, 209, 221, 223, 225, 

227, 231, 278. 8.50 
earyolyticum {Micrococci' 

dium), 345 
CaryUropha, 236 

— rnesnUii, 206, 217, 228, 
225, 236, 237, 327 

CassidtUina, 144 
Cassidtdinidae, 144 
casaal infection, 167, 221, 

263, 289 
CatopsUia eubule, 333 
caudata {Barroxissia), 226, 

227, 233, 332 

— {Schruideria), 199, 337 
caiidalum {Chlaromyxum), 

295, 344 
CauUery and Mesnil, 190, 
191, 205, 315 

caulleryi{Ophryocystis),Z37 
Cavia cobaya, 350 
Cavolini, 153 
Cecconi, 157, 161 
cell, discovery of, 1 
cement of tests, 52 
centrosome, 9, 186, 377 
centrosphere, 10 
Cephalina, 169, 173, 174, 

175, 176, 196-204 
Cepbidochorda, sporozoan 

parasites of, 339 
oephalont, 174 
Cephalopoda, parasites of, 

206, 404 
Cepola rubesccnSf 287, 340 
ceratii {ffyalosacciis)^ 317, 

324 
Ceratium/usuSf 324 

— macnxeros, 324 

— tripos, 324 



Csfratooorys horrida, 824 
CeraUmym, 289, 293, 295^ 
298 

— appendiculala, 280, 842 

— arcuata, 840, 842, 848 

— globul^era, 842 

— inaequalis, 285, 340 

— linospora, 287, 842 

— pallida, 840 

— reticularis, 844 

— sphaerulosa, 286, 29S, 
841, 848 

— truneata, 287, 840 
Ceratopogon sp., 191, 838 
Ceratospora, 190, 194 

— mirabais, 194, 826 
Cercaria, 254 
Ceriodaphnia quadranindaf 

829 

— reticulata, 812, 329 
Cervus capreolus, 801, 350 
Cestodes, 254 

Cetonia aurata, 883 
Chaenia, 399 
Chaetognatha, sporozoa of, 

325 
CffiaetoplcHra peruviana, 

317 
Chalcides tridcxtylns, 345 
ChaiHoeleo mdgaris, 231, 

845 
Chapman, 54 (footnote), 

130 (footnote) 
Charadrius {dexandrinus, 

347 

— dtd)ius, 347 

— pluvialis, Zi7 
ChtunicUostoma, 402 
Chaussat, 265 
Chdidon urbica, 347 
Chdidonaria urbica, 347 
Chelonia, 267 
Chilifera, 402 
Chilodon, 898, 400 
Chilodocona, 414 
Chilostomella, 144 
ChilosUmdlidea, 115, 189 

144 
chirunsis (Pileocephalus), 

199, 335 
Chiridota pdlucida, 324 
Chirotiomiis sp., 333 
Chiton fascicularis, 838 

— sp., 234, 338 
Chitoniciunij 317 

— simplex, 317, 338 
chito7iis {Minchinia), 227, 

234, 236, 338 
Chlaeniiis restiiuSy 333 
Chlamydodon, 400 
Chlaniydodonta, 400 
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ChJUkmydofiMynoM sp., 324 
Chlamydospores, 152, 188, 

204, 304 
ChJUnit ehloria, 347 
Chhromyxidae, 277, 285, 

288, 295 
CMoromyxum, 295 

— caudatum, 295, 345 

— diploxys, 275, 295, 337 
—JluvialiU, 842 

— Uydigi, 279, 282, 295, 
339, 343, 344 

— tnucronatunij 342 

— pedatum, 293 

— quadratwn, 340, 343, 
344 

Chondrostama natus, 340 

chromatin, 13 

Chromatia of Meganocleus, 

374 
chromatosphere, 282 
chronic malaria, 252 
chromosome, 18, 377 
ChrysalidinOf 144 
Chryaomela futemoplera, 

333 
^violaeea, 333 

— popiUi, 333 
Chrysatniiris apinuSj 347 
ehydoricola {Coeloaporidi- 

urn), 311, 329 
Chydiyrus tphaerieut, 311, 

312, 329 
ChytridiopsiSj 317 

— soeius, 317, 324, 333 
eienhowskianum {A modidi- 

urn), 329, 330, 331 
Cienkowsky, 385, 886 
cilia, 368 
dUata {Myxocystis), 297, 

328 
(Knetochilunif 402 
CfionainUstincUis, 171, 172, 

194, 339 
circumambient chamber, 

105, 106 
Circus aeruginoauSj 347 
OirrcUultu cirrcUuSf 203, 

204, 326 
cirrhatuli (Sdenidium), 

326 
Oirrhatulus JUigerus, 326 
cirri, 369 
Oittudo europaea, 232, 266, 

267, 275, 345 
ClaparMe and Lachmann, 

383, 400, 409 
classification of Ciliata, 896 

— Coccidja, 229 

— of Foraminifera, 140 

— ofOregarinida, 191 



classification of Haemo- 
sporidia, 264-270 

— of Myzosporidia, 293 

— of Sarcosporidia, 808 

— of Sporozoa, 167 
elausi [Oregarina), 331 
clavdlinae {PlimroKyga)^ 

339 

— prodvdoj 389 
C^vulina, 114, 144 
CUmmys elegans^ 345 
CUpaydrina, 196 
CUptydnnidae, 183, 196 
Climacostomum^ 406 
aUeUio, 298, 327 
Clivicola riparia, 347 
Ciupea harengtiSf 340 

— pilchardus, 287, 340 
clupearum {Goustia), 340, 

341, 343 
Clymeiie lumbricalit, 326 
Clymendla torquata^ 193, 

326 

— {Monoeyatis), 326 
Onemidospara, 197 

— luUa, 198, 331 
Cnidaria, sporozoa of, 324 
CobUitfossUia, 340 
Coccidia (see Coccidiiden) 
coccidian phase of Orega- 

rines, 170 
Coccidida^ 230 
Coccidiidea, 150, 165, 166, 

167-168, 169, 172, 204- 

238, 271-274 
coccidin, 218 
Coccidioides, 238 

— immitis, 238, 351 
Coccidiomorpha, 271 
coccidiosis, 209 
Coccidium, 164, 205, 206, 

229, 231, 232, 233, 235, 
286, 237, 257, 285, 307 

— avium, 347-349 

— bigeminum, 350 

— colulni, 347 

— cuniculi, 232, 350 

— delagei, 232, 346 
^/alciforme, 213, 221, 230, 

351 

— gcuteroMteif 341 

— giganteumy 342 

— hagenmiUleri, 332 

— hycdinufiiy 333 

— ktrmoganii, 346 

— lacaxei, 206, 210, 213, 
217, 230, 332 

— lacertae, 346 

— legeri, 346 

— metehnikcmf 207, 341 

— minutum, 208 



Coccidium miirarium, 208, 
233, 346 

— ori/bniw, 206, 226, 227, 
232, 350 

— pe^oratu, 350, 851 

— l/«(^m, 331, 3^7,850 

— prqprium, 225-227, 272, 
844 

— raiUidi, 232, 345 

— ranarum, 344 

— roteoviense, 347, 849, 
350 

— salamandraef 845 

— sardinae, 340 

— achubergi, 206, 210-221, 
228, 332 

— aimondi, 381, 332 

— sp., 328, 331, 345, 346, 
348, 350 

— tetuUum, 232 

— truncatum, 347 

— vifide, 351 

eoccoidea {PUiatophora)^ 

330 
Coceothrauatea, 347 
CocciLa heaperidum, 333 
Codonella, 409 
Coelomic Gregarines, 170 

— parasites, 206 
ooelomica (Aggregata), 188, 

331 
Codopdiia lacertina, 281, 

345 
Coeloaparidiwrij 311 

— ehydoricola, 311, 329 
Cohn, 4, 291, 309 
Colaeua monedula, 347 
CoUophora, 200 
CoUorhynchtu, 200 

— heroa, 200, 335 
Colepina, 399 
OoUpa, 365, 397, 399 
cdorata {PUiatophora)f 330 
Colpidium, 401, 402 
Colpoda, 401, 402 
Coluber aeacuiapiif 345 

— carbonariuaf 345 

— coraia, 345 

eolubri {Coccidium), 347 

— (£ra«i;u}^rrf)^artiia), 346 
Columba domeatica^ 347,848 

— /ivuz, 848 
Colymbetea sp., 200, 201, 

333 

<^<>''|^<>( (^y^o<^^^), 193, 

328 
Conutoidea, 201 

— capilatua, 201, 835 

— cnn»7n#, 175, 201, 335 
concentrated parasites, 277 
conchite, 54 (footnote) 
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OmOiopMhirv^ 406 
OondifhUoma, 406, 406 
oone of reoeption, 219, 

269 
eon^crmii {Aggreffota), 158, 

881 
Ckmffer conger^ 840 
eongri {Myxoqtoridium), 

840 
oopjogatioD, 159, 160, 184- 

188, 218, 219, 224-227, 

250, 259, 291, 886 
~ of Burtaria, 390 

— of Dendroeometea, 390 

— of HolotrichA, 889 

— of Meganaclei, 890 

— of Spiroehona, 887 

— of VoHicella, 887, 891 
oonnective tiMoe, 277 
Ckmochilua volvoZf 326 
Conorhynchus, 193 
eontagioui infection, 1 67 
conmeani (Thtlohania)^ 

276, 329 
contractile fibres, 156, 180, 
254 

— vacuole, 152 

— vacuoles of Foramini- 
fenu 51 

of Heterokaryota, 

878 
contractility, 281 
Oonvoluta sp., 325 
copula, 210 
Oiraciai gdmUa^ 848 
wrdu (Olugea), 340 
Coregonua fera^ 340 
^ lavaretus^ 340 
Ooria giofredi, 840 

— /«/«, 340 
Comisb, 54 (footnote) 
Oomtupira, 74, 86, 111, 

142 
Coronella atutriaccit 845 

— sp., 345 

corps en barillet, 190, 222 

— rosace, 222, 248 
cortex, 365 

Corvus ajnericanuSf 348 

— eoTdx, 348 

— comix, 348 

— corone, 348 

— frugUegus^ 348 
Corycdla, 201 

— annata, 174, 201,834 
Corynetea ruficollisy 333 
Coshinolinaj 142 
Cothumia, 413, 416 
CothurniopsiSf 416 
Coitus btSaliSf 340 

— acorpius, 297, 340 



CoiyU riparia, 848 
Onngon erangon, 829 
Onmothmdium, 898 
eraaaum (Amoebidium), 880 
Crawley, 181, 182 
crayfish, 276 

Orenilabrua mediUrraneiUf 
840 

— melopa, 296, 840 

— pavo, 340 

— sp., 279. 286 
Creplin, 168 

craplifii (Hennagy/ya), 9S9 
crescent, 239, 247, 248 
Oretya, 230, 288 

— neapoHtanOf 844 
Orieeiua cricetua, 850 
erinUua {Cometoidea}, 176, 

201, 885 
OriateUaria, 116, 187, 142, 

144 
Oriatigera, 408 
crocodile, 275 
CrocodUia, 267 
erocodilinorum {Haemo- 

grfgar%na)t 845 
Ori>eodU%u/roniatua, 846 

— sp., 845 

crotali {Haemogragarina), 

845 
Cfrotalua eot\/lvetUua, 846 

— sp., 345 

eruciata {Ocuaaia), 844 
Crustacea, 206, 320 

— parasites of, 404, 414, 
416, 417, 421, 422 

— sporozoan parasites of, 
829 

OryptocMlum, 402 
Cryptocystes, 275 • 277, 

286, 288, 296, 299, 808 
Oryptopa hartenaiaf 198, 

331 

— punetattu^ 881 

— sp., 381 

Cryptopua granoaw^ 846 
cryatalligera {Pyxinia), 

334 
cryatalloidea {OryataUo- 

apera), 233, 236, 342 
CrystcUlospora, 229, 233 
CUnodrilua serraittSf 326 
Ctenopfiora sp., 333 
Cuculua canorua^ 348 
Cucumaria penta4:teSf 824 

— planci^ 824 
Cu^not, 155, 159, 161 
Culex, 249, 250, 253, 262, 

268, 334 
cuneata {Oregarina\ 337, 
359 



OwMoHna^ 144 
eumieuli (Coceidiam\ 282; 
850 

— (PM)nMgMrMtiMiU882 
emvtUa {Oregarina),JM9 
cuticle, 179 
Cj^oifimtiia, 142 
Cfydidivm, 401, 408 
Oydoehada, 418, 414 
Cydodypeina, 140 
Oyelodypeua, 71, 128, 180b 

185, 147 
Cyclodinina, 888 
eydoidea (Myxobolua), 842 
Oydopidaa, 318, 819 I 
Cyclopoalhium^ 408, 410 
Cyclopa, 198, 318, 820 

— ift^o^ 829 

— moerurMs, 829 
^phalertUua^ 829 
~fi46eiu, 329 

~ sp^ 829 

— airenwua, 829 
Cfyeloptendae, 275 
Cfyeloapon, 229, 281, 264 
—■ earyolytuxL, 208, 209, 

221, 223, 226, 227, 281, 
273, 850, 861 

— gltnnericola, 280, 281, 
831 

— sp., 831 
cycloetomes, 276 

Cfymbaloporth 119, 188, 

145 
OyphoderiOf 141 
C^Aon paUidua, 197, 

384 
cyprieola {Blanehardma), 

312, 329, 330, 881 
cyprtdia (Seroiporidiatm), 

312, 329 
cyprini (HqferaUua), 296, 

841 

— (ifyxofto^), 276, 278, 
290, 296, 841 

Cyprinodon variegatua, 841 
Cl^orinua carpio, 841 

— ru^ata, 296 
Cypria candidoj 829 

— jurini, 329 

— ophtKalmica, 829 

— orytoto, 329 

— pundcUOt 329 

— sp., 329, 330 

— strigata, 329, 880 . 

— vidua, 330 

— tnVfyu, 312, 329, 380 
Cypadua apua, 348 

cyst, 152, 157, 188, 261, 
272, 277, 301 

— of aiiata, 385 
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ejstol retidaam, 169, 188 

220, 252 
O^tUffruUKui oedUUut^ 294, 

844 
OytUMa, 189, 194 
-^ hcMhuHae, 178, 194, 

824 
-^ irrefftdaris, 194, 824 

— iehneideri, 824 
Cyttoe^l)halus, 201 

— algiarianutf 202, 886 
O^Bioduddae, 294 
Oydodiaciu, 294 

— dipUxeyt, 275 

•— immenut, 294, 844 
Oy&Ujphryt, 80, 140 
(y«noe&a, 270 

— teceeri/'em, 270, 845 
•^ sp., 844 
eytocyst, 255 
0)ftophagu$, 280 
cftopyge, 868 
Oytotporidia, 167 
eytoftom, 866 

Dadylophoridae, 188, 190, 

198 
DaUyUpkonu, 190, 198 
~ ro6tM<uj, 198, 381 
Daefyhioma, 265, 270 

— ranantm, 270 

— jpfeiutffw, 270, 845 
Dallaria,402 
Damonia reevuU, 288,846 
Danaii erippus, 884 

— ffUippui, 384 

dance of itt sporobUtftB, 
159 

DanUewsky, 239 

DtmiilewtkyOf 266 

danUeuftkifi {Hatmopnh 
teui), 253, 267, 268, 
270, 884, 847-849 

— {HaUeridwrn}, 266, 268, 
269, 847-349 

— {Myxidium), 275, 294) 
846 

— {PleisUph4>ra), 845, 446 
Dai^nia hoMbergieiuit, 

830 

— longitpifuit 380 

— maxiffia, 297, 830 

— puUXf 880 

— lecHrostriSf 330 
•^ t *£»CMtoto, 880 

— mina, 830 

— sp., 254, 312 
-^vulgarii, 880 
daphniae (BoteUui)^ 880 
Datytrieha, 403 
ddvint (GVe^wnna), 884 



death, 896 

Deeiieut griaeui, 884 
deflnitiTe boet, 258 

— Bporoblast, 159 
degeneration of cysts, 258, 

274 
de Hantken, 61 
Delage, 288, 401 
Delage and H^rooard, 168 
dOagei {Coccidium), 282, 

846 

— {Haemogregarina)t 267, 
843 

de la Harpe, 61 
Dendrocodwn laeteum, 825 
Dendrocometes, 418, 421 

— conjugation of, 890 
Dendrocometina, 421 
Dendroeoput ifitnor, 848 
Dmdrcphrya^ 141 
Dendrosomot 418, 421 
Dendroeomina, 421 
DentaUnqpHt, 145 
dqprtim (Olugm), 296, 

840 
Dennacenior fttieulaiuM^ 

270, 887 
DermetUs, 174, 189, 201 

— penmanu^t 384 

— vulpinuB, 200, 884 
dettrueni (Olttaea), 840 
dentomerite, 174 
Diaphcro podoHy 140 
IHaptcmui graeUiaf 880 

— sorfinitf , 880 

— sp., 193, 818, 829, 880 
Diaiporot 233 

— hudoHdea, 288, 286, 
882 

DioMona fridaeea, 889 
ciiasofias {Lanheitma)j 889 
ZKeAaiMiS 402 
Dieiyoeytia, 409 
Dieyj^ido, 176 
Didumis, 410 
Du^tmicm, 396, 897, 899 
Didymophyu, 179, 198 

— giganUa, 180, 336 

— leuekaHi, 333 

— Umgissima, 380, 831 

— pcmidKOCL, 180, 198, 884 
Didymophyidae, 198 
Diesing, 285 

diffuse infiltration, 278 
digenetic, 166 
digestion, 880 

— physiology of, 880 
digitatus (Aetinocef^ialuB)^ 

833 
Dileptui, 897, 898, 400 

— cyst of, 886 

28 



dwiidiaia {AdeUa), 288, 

285,882 
Z)tifkM*pAtiia, 145 
dimorphism, 59, 77, 184, 

255, 256 
Dtnennymphot 418 
Dinq/lageUaia, 317 
Dinophrya, 399 
DioneJunOf 884 

— vanilUu, 834 
Diophrya, 412 
Dipleurostyla, 412 
dipUurus {MyxdboUu)^ 842 
IHploeysUs, 169, 178, 184, 

194 
~ hm^, 194, 384 

— mttior, 194, 884 

— seAiMuieri; 194, 886 
ZHi)Mmtim, 410 
DipUphrya, 48, 141 
Diplotpora, 229, 281, 282 

— oommtttsrit, 281, 846 

— 2aeasm, 281, 847-850 

— Imfenni, 281, 845 
^lieberkaJmi, 281, 236, 

845 

— metnOi, 281, 845 

— rM»ttae,281 

— sp., 844 

dipUayt (ChloTmvyxmi)^ 
275, 294, 337 

— {Oystodiicut), 275 
Diacoeephalua, 199 
diseocoelidii [Ophioidina), 

825 
Ditcoeodii tigrina, 825 
Ditcophrya, 401, 404 
2>M0Of6ifia, 123, 185, 145 
DweorAyncAitf, 199 

— enmoi^iM, 199, 337 
Diaematottomot 402 
<iiQ»r (ifyxoftofiM), 296, 

841 842 
Disporea, 231. 280, 288, 

293, 298, 299 
DitporoqftUdae, 229, 280, 

231 
disporons, 288 
DiiaotUira earMut, 884 
Dittaplia magnilana, 889 
distapliae (Plewrtmyga), 889 
Diatichcpui silvettria, 827 
Distoffittffi, 254 
distribution of Foramini- 

fera, 138 
Ditrema, 141 
divergent {Sphaeraapora), 

279, 340 
dizoic, 165 
Dodecaceria eoneharunif 

190, 203, 204, 826 
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DofleiD, 270, 271, 278, 277, 

278, 289, 291 
dog. 242 (see alio Cbnw) 
Dolioe^ttidai, 176, 176, 

200,202 
Dolioe^itii, 202 

— aphroditae, 17fi, 177, 
208, 826 

~ elongata, 827 

— hderocephala, 827 

— j)eUttafl{a,202,827 
—pdydonu, 827 

— sp., 827 
Donax Bp^ 206, 888 
d'Orbigny, 47 

Doreus partdUiqnpedu$t 

200, 384 
Donnoj, 208 
Drepanidium^ 266 
» ranarum, 164, 289, 266, 

270 

— mrperUium^ 266, 266, 
846-847 

Dr(mUadnm4af 880 
dromiae (Aggrtgata), 880 
Drymobim btforaabu, 846 
Dnfour, 168, 169 
Jh^ouria^ 200, 286 
D^jardin, 2, 47, 122 
dvjardini (AcUnoctphalut)^ 
882 

— {Myxomma), 294, 842 
Dystena, 401 
Dyiterina, 400 
Dytieropsis, 401 
Djftiaeut sp., 201, 884 

tffter^i {Benedenia), 227, 
229, 234, 838 

— (Eucoccidium), 888 
•— {Klo88ia), 236 

— (/:^maX 888 

— {LSgerina), 338, 869 
«cAiRa^um (iSr^uiittfii), 

203, 204, 826, 327 

824 

— ytaoefceiu^ 824 

— sp., 196 
EehinoctphaluSf 198 
Eobinodenna, sporosoa of, 

824 
Echinmnera, 190, 198 

— h%8pida, 176, 198, 332 
JBehinorhynchtu proteus, 

325 
Jichinospora^ 233 

— labbd, 227, 233, 236, 
332 

— verUrieosoi 332 
.ffcAiuruj iNxi^oM, 198, 828 



tel^ndnU {S^term a top h O' 

^us),828 
JSelipidraui fngidui, 240, 

267, 828 
BcUtbia lapponica^ 197, 

834 
eotopUsm, 166, 180, 264, 

279, 866 
ectossro, 866 
Ectospon, 168 
Ehrtnbergia, 144 
Eimer, 206, 218 
Emeria, 206, 218, 229- 

288, 286, 261, 272 
^/alciformii, 280, 282, 

861 
^AtrsNto, 884 

— hamimtt 861 
^lupae, 280, 886 

— nova, 207, 228, 224, 
229-281 

— tehneideri, 280, 882 

— sp., 860 
^Hiedae, 282 

— trigemina, 881 
EimerUn cyst, 222, 248 

— genera, 280 

— phase, 218, 280 

— stages, 270 
EimmidM, 2S0 
JUmerieUa, 2Sl 
BinnoeystU, 190, 197 

— ojuioe, 888 

— ^ryUote/jMe, 884 

^ polyTMrpha, 179, 197, 
836 

— veiUricota, 179, 886, 
887 

Eisen, 267 

Elssmobranohs, 276, 296 
EUdtmt moKhata, 286, 888, 

869 
elegant {Asterophora), 200, 

836, 837 

— {Sphaerotp<fra)^79^2Ht 
341 

eUip»oidet{Myxobolut\ 279, 
283, 287, 296, 296, 
344 

EUiptoidina, 144 

elliptica {UUvina\ 268, 
326 

elongata (DoliocyHis), 827 

— (/;Q>toM«ea), 842 
jE^mWinx cUrinella, 848 

— mi/iafia, 348 

— prqjer, 348 
Smyda granoM^ 846 
jE?iny« eurqpoeo, 346 

— lutaria, 266, 267, 276, 
346 



JBnyf orMoHfarii^ S46 

— tocta,846 
Aidto^ 896, 898 
McAytraei (ifoiiMiKiliffk 

828 
En/ckgtfw^ «Miiu§^ 8S8 
•-jFa^828 

— htgmium^ 828 
encystmeot, 886 
endoeyst, 167, 188 
endogenous mnWplkatioa, 

166 (see also SohiMfony) 

— spore - fonnatkn, 876b 
286 

endoglolmlar paiastte^ SS9, 

264 
endoplasm, 166, 182^ 879, 

281 
Endotphami, M^ 432 
Endospora, 168 
endospore, 189, 220 
EndoUiyratli2 
Endothyridae, \42 
energid, 6 

Bngraulis etKrameMmB. 

841 
enhaemospore, 248 
etuiformis {Ormarma!L 

339 
Bntdurui aequonui, 841 
enteritis, 209 
Enteropnensta, ap o w woaa 

parasites of, 889 
Entodinimm^ 409 
"entoparasitio tnbea," 818 
entozoic forma, 868 
eiUm (MolybdiiU 844 
^peira diademOf 887 
.^pA€2oto, 418, 426 
Epbelotina, 426 
Bpkemera sp., 197, 834 
^hemerat {ChmoeyttiU), 

197,884 
BpidinUB, 411 
epicyst, 167, 188 
epieyte, 179 
epidemics, 276 
epimerite, 174, 179 
epispore, 189, 220 
SpittylxB, 413, 416 
Epitoanihiu gladalis, 824 
epizoic forms, 368 
equi {Pircploima) 242, 

270, 360 
JBqutu caballut, 860 
Brimyton tuceila, 841 
erippi (Olvgefi), 884 
JBrUhacut lu$einia, 848 

— phoenicurut, 848 

— rubeeula, 848 
BsarhabdinOf 204 
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Bkx lucius, 282, 291, 841 
eubuUs {Olugta), 8SS 
Eucoccidium, 234, 236 

— d)erth%, 338 

— ocU>pianumf 338 
EugUna^ 180, 213, 822 
euglenoid, 322 

— movements, 181, 211, 
245 

Euglypha, 52, 79, 140 
Engregarinae, 175, 192 
Bidalia punettfera, 826 
EunecU9 murimUf 846 
eunicae {SeUnidium), 826 
Eunice haratsei, 326 
EuploUs, 411, 412 
Enplotina, 411 
Eupolia delvnetUcLy 326 
Eurycercua laineUaiui, 330 
EutpoTOt 197 
—/allax, 197, 386 
Ewing, 246, 248 
sxt^utM (i/yxo6o^tM), 389, 

342 
exogenous, 166 
Exotporidia, 150, 167, 312- 

816 
Exasparidium, 316 

— marinum, 816, 387 
ezotospore, 243, 251 

Fabrida sabella, 816, 326 
Fabularia, 143 
falcattUa {Sarcoeystis), 848 
falciform body, 161 
falciforme {Coccidium)^ 

213, 221, 230, 351 
falciformis {Eimeria), 230, 

282,351 

— {Oregarina), 205, 230 
FcUco tinnunculus, 348 
fallax {Eutp<fra\ 197, 336 
fat-body, 207 
Feinberg, 321 

Felts domestical 860 
fertUisation, 219, 227 
fertilisation-spindle, 219, 

227, 259, 274 
fever, 241 

filament, polar, 284 
Filaria, 154 
/irmus (Beloidea), 175, 201, 

384 
fish, parasites of, 398 
fishes, sporozoan parasites 

of, 240, 297, 339-344 
fish-psorosperms, 275 
JUsidens {Sciadopfvora), 888 
fission, 255, 271, 291, 382 

— in HyalopuSy 82 

— in Lia>erkUhnia, 82 



fission in Leeythiunt, 82 

— in Trichotphaerium, 82 
FlabeUina, 145 
flagellated body, 239 
Flagellata, 211, 822, 328 
flagellum, 216, 226, 250, 

257-259, 270 
Jlava {Oregarina)^ 339 
Flemming, 4, 16, 27 
Flestu pcuseff 341 
Jlurnatile {Chloromyxum), 

342 
/oliacea {Monocyetis), 826 
FoUieulina, 407 
Fonquet, 386 
ForUaria vvrginiensis, 331 
food of Foraminifera, 50 

— of Heterokaryota, 361 
food- vacuole, 152 
Foraminifera, 47, 322 
Forjicula auricularia, 196, 

334 
form of Heterokaryota, 862 

— of test, 58 
Fomasini, 115 
fragmentation of Mega- 
nucleus, 872 

francisci {Oamocystis), 334 

— (Ophryocyttie), 192, 332 
free parasites, 241, 254, 

277 
frenzeli {Pyxinia), 172, 333 
freundi {SpernuUopfuigu$)f 

328 
Fringilla canarict, 848 

— cardudis, 848 

— coelebs, 848 

— monti/ringilla, 348 
FriUch, 309 

frog. 208, 240, 270 (see 

also Rana) 
Frommanii, 7 
FrondiculariOf 115, 144 
Frontonia, 401, 402 
fusi/ormis {jyematoides), 

283, 329, 381 
FustUina, 183, 137, 139, 

146 
FustUinidae^ 14b 

Oadus poUaehiua^ 341 
Oalerita cristatOf 348 
Oaleut galetu, 286, 293, 

341 
Oallus domesticuSf 348 
gamete, 156, 159 
gametes of Coccidia, 215- 

220, 225227, 273 

— of Foraminifera, 76 

— of Gregarines, 159, 184- 
188, 278 



gametes of Haemosporidia, 

250, 257-259 
gametocyte, 157, 216 
gametocytes of Coccidia, 

215-218, 223-225, 272- 

273 

— of Gregarines, 184, 272, 
273 

— of Haemosporidia, 247- 
253, 256-259 

gametogenous mononts, 210 
gammari (Serosporidium), 

830 
Oammarus locustOy 380 
Gammarus, ciliate, parasitee 

on, 414, 417, 421 

— piUex, 292, 312, 380 

— puteanus, 830 

— sp., 285 
OamocyetiSf 197 

— ephemenxe^ 197, 884 
— franeisei^ 334 

— tenax, 197, 834 
Gardiner, 5 

Oarrulus glandarius, 848 
gasterostei {Coccidium)t3il 
Oasterosteus ctcvieeUua^ 278, 
296, 341 

— pungitius, 296, 341 

— sp., 294, 841 
Oiutropacha neuttria, 884 
Gastropods, parasites of, 

404 
Oaatrostyla, 412 
OaudryinUf 144 
Oavialis gangeticuSf 846 
gemmation, 385 
Gemmula, 384 
OeneiorhynchuSy 200 

— numnieri, 175, 200. 885 
geological distribution of 

Foraminifera, 139 
geopkili {Rhopaloniajt 198, 

831, 832 
QeophUidae, 198 
Oeophiltu/erruginosus, 881 

— sp., 331 

Oeotrypes stereorarius^ 180, 
198, 334 

Gephyrea, sporozoan para- 
sites of, 328 

Oerda, 414 

giardi {TMlofuinia), 829 

gibbosum {Zygosotna)^ 198, 
328 

gigatUea {Didymcphyta), 
180, 336 

— {Olugea), 840 

— {P/e^erella), 342 

— {Porospora), 151, 182, 
196, 330 
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giganUum {Ooeeidium^ 842 

— {Myxidiwn), 28S, 848 
girmrdini (Olugm,\ 841 
Oi/rcardintta sp., 841 
Olandieeps hackai^ 889 
Olaucofna, 401, 402 
GloWium leuchaiih 850 
CfMngenna, 61, 117, 188, 

189, 142, 146 

— ooM, 188 
OlobigorinutM, 117, 189, 

146 
globanu {Mgxobolut), 841 
gkbuiifera {CmUomyxa\ 

842 
glottiericola (GVe^ofporo), 

280, 281, 881 
9Umen$ guttata, 280, 881 
~ marginata, 280, 881 

— omoto, 280, 881 

— tp', 198, 207, 280, 281, 
881 

Qlo9mUeUa,il^ 
Olamp/umia eomplanata, 
828 

— $exoeulata, 828 
Glugea, 286, 297 

' ocuto, 296, 848, 844 

— anomiUa, 278, 281, 286, 
841, 842 

— atperoiporaf 809 

— aatyraet 888 

— bombycis, 167, 276, 288, 
290, 291, 297, 888, 
834 

— bryoxoides, 276, 828 

— cordis^ 840 

— depreasa, 296, 840 

— dettruma, 848 

— erippif 884 

— eu&u/e<, 338 

— gigantecLf 840 

— girardinif 341 

— hdminthophthoraf 276 
— junonUf 334 

— laveranij 276, 827 

— /o?>^»i, 277, 292, 842 

— Irophocampae^ 336 

— lysimniaCj 335 

— 9/iartcmw, 340 

— microsporat 341, 842 

— ovoidea, 286, 340, 842 

— periplanetaCj 336 

— punctifera^ 341 

— sp., 325, 332-388, 842, 
343 

— stephanif 841 

— 5Mc/a, 336, 337 

— thysanurae^ 336, 837 
~ vaniUae, 334 

— tHiriaTU, 337. • 



aiugeidae, 238, 289, 292, 

296, 297, 308 
Glyoera, 177, 194, 826 
glycogen, 289 
OobioJluviatUit, 841 

— gcbio, 841 
(ToMtM <a6iM, 841 

— bieolar, 841 
—Jluviataia, 841 

— mtniihfj^ 841 
— pagamUui, 841 
Oongylut oceUahu, 281, 

846 
(7ofioUa, 280, 288 
Oanoaporot 194, 816 

— &>M^piMMfui, 826 

— tpana, 177, 826, 827 

— tertbeUae, 190, 194, 826, 
827 

— oono, 826 
(7ofiof<OfiiUfn, 412 
goronowitaehi {Seiadth 

photu), 838 
O'ouwta btgeminOf 889 
~ elupeanm^ 340, 841, 843 

— crudata, 844 

— /liCK^ 839, 848 

— mtnuta, 844 

— motdUu, 286, 842 

— eAIIoAant, 842 

— variahaii, 840, 841, 842 
gracUit {A nqfrcphora), 201, 

838,837 
^antf^oMi {Oregarima), 884 
Orassi, 210, 240, 250, 252, 

258, 261, 262, 266 
Oreef, 414 
Greenwood, 880 
CHregairina, 158, 169, 177, 

190, 196 

— ttehetae-abbreviataet 882 

— aeridwrum, 386, 887 

— aetinotut, 882 
— - acuta, 887 

— amaraef 832 

— balani, 829 

— bUUtaeorientalit, 886 

— Uattarum, 196, 197, 
836 

— c/au«, 331 

— cuneaia, 337, 859 

— curvata, 833 

— cfan'nt, 334 

— ensiformiSt 839 
—/alc\formi8y 205, 230 
—/lava, 339 

— granulosa, 334 

— gryllorum, 334 

— hyalooephaUtt 837 

— juiipusilli, 332 

— lagenoidea, 835 



G^anna laueoumetetiHM, 
184,886 

— ^ocMitoeoafvUiuM^ 834 

— A^fiyo, 176, 887 

— longiroatni, 887 

— maort>0^pfta2a, 884, 886 

— ffM!0VMgpAa^ 882 

— mefoJanMaefrrMfiJMaw^ 
886 

— ftUeroeephala, 884 

— miMiiaK, 181, 888, 887 

— mgdaeitiarum, 886 

— ovata, 196, 884 

— panehhrae, 886 

— jjoffa/ieoniWt, 886 
^-phaicOtZZS 
^podurae, 886 

— polydesmMfgrnimiit, 
331 

^ polymorpha, 196, 887, 
359 

— pterotraeheae^ 888 

— M(pa«, 839 

— Mora&Mifiette^ 887 

— aoTor, 836 

— sp., 825, 827, 828, 829, 
830, 881, 889 

— apionis, 817 

— atatirae, 887 

— ateini, 887, 859 

— termiHa, 887 

— vaUttei, 881 
Oregwinidft, 168-204, 271- 

274, 822, 828 
Oregarinidae, 188, 190, 

196 
giegariniform itage, 246 
gregarinaidea {Sehuocg§tia\ 

191, 888 
Grew, 2 

Oromia, 49, 54, 140 
Oromiidea, 52, 79, 140 
growth of teste of Fotm- 

minifera, 64 
Gruber, 79 (footnote), 878 
gryllorum {Ortgarina), 884 
QryUotalpa gryllotalpa sp^ 

834 
gryllotalpae {Eirmoegatia), 

334 
Oryllua eampeatria, 884 

— domealicua, 334 

— sp., 334 

— aylveatria, 334 
gudgeon, 207 
Giinther, 410 

Gorlej, 276, 288, 294, 296 
Ourleya, 285, 297 

— tetraapora, 297, 880 
Oymnospora, 286 

— nigra, 837 
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KTinnosporB, 152, 166, 272 
Oymnotporea) 189, 196 
gjmnotpores of Oooddia, 
304, 280 

— of Gregarines, 188 

— of HaemotporidU, 289, 
261 

— of SarcosporidiA, 804, 
806 

GFjinnosporidiA, 264 
Oynmostomata, 896 
Qfpnna^ 146 

dJTmiM Mototor, 174, 201, 
884 

— ip., 288, 884 
GyT0C0i7xia» 408 

Habia Ivdcvidanot 848 
habftot of Coccidia, 205, 
210 

— of Oregarinida, 169-172 

— of Haemosporidia, 240 

— of Myzoaporidia, 276- 
278 

— of Sarooaporidia, 800- 
802 

habita of Heterokaryota, 

861 
Haeckel, 210, 409 
haeekdi (Ophwidina), 881 
HiumamoAa^ 265, 267, 

268 

— kocki, 267 

— meichnikxfvit 270 

— sp^ 349 

— tubimmaculata, 270 
haemamoebae, 254 
Haemamoebidae, 265 
Haemaphfftalit Uaehi, 270, 

887 
Haemapium, 270 

— riedyi, 270, 844 
Haematid, 240 
Haematoeoecus bovis, 269 
HaemaiophyUum, 289 
HaemerUeria officinalu^ 828 
haemoooele, 252 
HaemocytoKoa, 240 
baemoglobinQria, 242 
Haemoffregarina, 254, 261, 

265, 266 

— higemina, 265, 267, 840 

— biUeti, 846 

— bungarif 845 

— eoluM, 846 

— croeodUinorum^ 845 

— crotali, 845 

— delagei, 267, 848 

— hankini, 846 

— latbei, 845, 846 

— Uumei, 267, 846 



ffaemogregarina magna, 

267, 845 

— inunilif 846 

— metchnihovi, 846 

— moeoisini, 845 

— fui^ 846 

— nanUa, 240, 267, 828 

— pUUydaetylit 846 
— pythonit, 846 

— rara, 846 

— timandi, 267, 844 

— sp., 845 

— H^Mfum, 266, 267, 846 

— stepanoviafui, 846 

— tamenis, 847 
haemogregarina, 246, 254 
Haemogregarinidae, 265 
ffaemometuu, 267 
ffaet)wproteu$, 250, 257- 

259, 265, 267-269 

— daniUwikyi, 258, 267, 

268, 270, 884, 847-849 
Haemosporea, 241, 265, 

274 
Haemosporidia, 150, 154, 

165, 166-168, 172, 289- 

270, 828 
Hagenmiiller, 820 
hagenmaUeri {Ooocidium), 

832 

— {OphryocystiB), 886 
Hake, 153, 204 
HalipkywemOy 84, 141 
HaUma, 425 
ffaUeria, 409 
ffaUerididae, 265 
HaJUendium, 257-259, 265, 

267-269 

— danilewakyi, 266, 268, 

269, 847-849 
Halterina, 408 

hanHni {Haemogregainma\ 

846 
HaploeytOf 175 
ffaplo]litragm%um, 142 
Haplotporidia, 150, 167, 

168, 809-811, 820 
Eaplotporidiumf 811 

— heterocirri, 811, 826 

— ieolopli, 811, 827 
Haphitiehey 142 
HaataieUa^ 414 
J7ai<^«r»fia, 188, 145 
JETaumno, 148 
ITaumNidM, 98, 110, 14a 
keen {PiUoeephalut), 175, 

199, 336 
Heidenbain, 9, 18 
hdieina {Khi8ia\ 205, 207, 

208, 228-225, 285, 888 
Helix spp., 207, 208, 888 



hdmifUhqphthora {Pleitto- 

ph4fra\ 276, 825 
Hdops iMatus, 201, 202, 

884 
Henle, 158, 154 
Henneguyot 286, 296 

— OTtfvif, 841 

— erqdini, 889 

— koUmUeovi, 840 
' ^tfiAsm, 889, 848 

— maerwrat 841 

— m«(iui, 841 

— monwra, 840 

— paoroiptrmioa^ 288, 296, 
841, 848 

— ichuurat 841 

— sp., 840 

— sp,, 842 

— atfxmgylura, 844 
~ (enviff, 889 

hepidi (Leptotheea), 840 
hereditary infection, 167, 

268, 290 
heroB {Ooleorhynehut)^ 200, 

885 
Htrpetodryaa caHnatOt 846 
Herpobdella atomoHa^ 828 
Hertwig,R^ll,12,14, 80, 

871, 376, 425 
heUrocepJuUa {Dolioqfitis), 

827 
heteroeirri {HaplotporV' 

dium), 811, 826 
Eeterodrrus viridit, 811, 

826 
Heteroeope ip., 880 
A^^otca (P2aftopAofici),847 
HeUroaUgvna, 127, 129^ 

147 
Heterotrioba, 405 
heterotype di^iaion, 27 
HexaeUnom/yxon, 298 

— psammoryeHst 298, 828 
Hexapoda, aporoioan p«ra- 

sitea of; 882 
HicksoD, 876 

ffinumtarifimgaiMdiB, 881 
Hintie, 250, 254, 259, 265, 

270 
Hippocampui breviro^trit, 

841 
Hippoerepina, 142 
Hirmoeyttu, 197 
hirntta {Bimena\ 884 
Himdinea, tporocoan para- 
sites of; 828 
Hirundo rtuHea, 848 
hiapantu (Oocqthalui), 282 

885 
hiapida {Eehinomera)^ 175, 
198, 832 
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hittophilum {Myxidium), 

842 
Histosporidia. 167, 277 
HUtozoA, 277 
Histrio, 421 

— {Bothriopsit), 200, 836 
Hofer, 276, 278 
Hqferdlus, 296 

~ cyprini, 296, 841 
Ht^trriOy 296 
Holland, 116 
hdopediif^ {Plei»tophoTa\ 

880 
Holcpedtum gihbenim, 880 
Holophrya, 896, 897, 898 
Holophryina, 898 
Holotticha, 411 
Holothuria forthaliif 194, 

824 

— impatitM^ 824 

— nigra^ 824 

— iw/u, 824 

— tubvUoaa, 178, 194, 824 
hUothuriae {Oystobia), 178, 

194, 824 
Holotricha, 896 
Holotricha, conjugation of, 

889 
ffomarus gammarus, 880 
hominis {Eimerta), 851 
Homo sapiens, 351 
homotype division, 27 
Hooke, 1 

ffoplUophryaf 404 
Hophcephala bicomis, 884 
ffoplcrhynchuSf 201 

— oligacanthus, 333, 201 
fformosinoj 142 

bone, 242 (see also ^uuj) 

— Ciliate parasites of, 364, 
400, 402, 403, 410 

host-cell, effect on, 170, 
208, 241, 245 

— penetration of, 211, 245 
Hoyer, 377, 389 

hiieti {Sarcocystis\ 305, 351 
Huxley, 400 
Hyale poTitica, 330 
hyaline Foraminifera, 54 
hyalinum {Coccidium), 333 
hyalocephcUa {Oregarina), 

337 
Byaloklossia, 231 

— lieberkuhnh 236 

— pelseneeriy 206, 236, 338 
HycUopterus arundinis, 335 
Hyalqpus, 48, 52, 76, 80, 

140 
Hyalosacais, 317 

— ctratii, 317, 324 
ffyalospora, 197 



Hyalospara affiniSf 886 

— reduvii, 886 

— roseovianOf 197, 886 
Hybognathus nuchalis, 341 
Hydaticus sp., 200, 335 
hydtUidea {Diaspora), 238, 

286, 882 
Hydatina senta, 826 
Hydra, Ciliate paraaitee on, 

411, 414 
Hydrachnid, 888 
ffydraetinia, CUiate pora- 

•itea on, 408 
HydrobitAs sp., 175, 201, 

886 
Hydroidf, Ciliate paraiitea 

on, 421, 422 
HydrophiliLS piceus^ 200, 

885 
Hydrous earaboides, 886 

— ip., 201, 886 
Hyla arborea, 844 

— sp., 844 
Hymenoetomata, 401 
Hyperammina, 66, 82, 88, 

84, 141 
hypertrophy produced by 

parasites, 170, 208, 241 
Hypoctma, 420, 422 
Hypocomina, 422 
Hypotricha, 410 

Idalina, 89, 92, 186, 148 

ignotum (TriactinofnyoBon), 
298, 327 

lUonema, 898, 899 

immaculatum (Plasmo- 
dium), 267 

immersus {Cystodiseus), 
294, 344 

immitis {Coceidioides), 238, 
351 

— (Sarcocystis), 851 
Imperforata, 54 (footnote) 
inaequalis {OmUomyxa), 

285, 840 

— (Myxobolus), 296, 848, 
344 

incubatory pouches, 884 
incurvcUa {Sphaeromyxa), 

340 
incurvatum [Myxidium), 

340, 343, 344 
infection, methods of, 167, 

221, 249, 262, 263, 289, 

307, 308 
initial polymorphism, 92, 

99, 106, 136 
inoculative infection, 167 
inqpinata {Sycia), 175, 

203, 324, 326 



insects, Ciliate parasites of, 

405 
insignis {Lophoeqfhahu)^ 

201, 834 
intermediate body, 23 

— host, 167, 289,249,26s, 
254, 268 

— skdeton, 57 
Involutina, 142 
iodinopbiloos vacnole, 289 
irregularis {Oystobia), 194, 

824 
Isehnoehittm minator, 817 
Ishikawa, 878, 874, 424, 

426 
isogamy, 166, 184» 188, 

278 
isomorphic (Liiuolida4% 

85, 187 
iasmorphism, 187 
IsospoTo, 282 

— nzra, 282, 888 

— sp., 846 
Jsosporidae, 280 
Isotricha, 401, 408 
Isotrichina, 408 
lynx torquiUa, 848 

Jaculella, 141 
Jasmineira eliffans, 816, 

826 
jaundice, 242 
Joenia, 418 
Joukowsky, 887 
JoyeuxeUa, 816 

— ioxoides, 316, 827 

juli {Stenophora), 198, 882 
julipusilli {Oreganna), 882 
Julis giqfredi, 841 
Julus marginatus, 881 

— pusillus, 332 

— sabiUosus, 198, 882 

— terrestris, 198, 382 
junonis (Olugea), 384 

Kackuga tectum, 846 
KaryamMba, 318 

— renis, 318, 846 
karyokinesis, 16 
Karyolyaus, 261, 266, 266 

— laoertarum, 241, 266, 
266, 346 

— sp., 346 
Karyophagus, 208, 280, 

270, 309 

— ranarum, 270, 844 

— salamandrae, 270, 846 

— tntonis, 270 
Karyosom^ 156, 188, 210 

212, 216, 218, 226, 269 
282 
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KeUy, 54 (footnote) 
Kendall, 64 (footnote) 
Kent, 871, 884, 409, 415, 

416 
EefUrochonOt 418, 414 

— nnclei of, 877 
Eeniroc?uncpnt, 414 
Eeramoapfiaem, 143 
EerafnoBphaericUie, 148 
htrmoganti (Coocirfiiim), 

846 
JST^rvfio, 411 
kidney, 207, 208, 240, 

275, 277, 278, 2»0 
Idnoplasm, 9 
KloM, 205, 286 
KUtiia, 226, 229, 285 

— bigeminaf 831 

— eberthi, 285 

— helicina, 205, 207, 208, 
228-225, 285, 838 

— oetcpiana, 285, 286, 
888 

— 9oror, 286 
EloBncUut 230 
ElauieU(h2Ze 

— murts, 236, 851 
Koch, 262, 301, 805, 806 
hoehi (Haemamoeba)f 267 
~ {Plasmodium), 267, 

850 
koUsniktm {ffenneguya), 

840 
.KoUiker. 158 
EOUiherella, 196 

— staurocq)hali, 196, 827 
Edlukeria, 196 
Korotnef, 276, 820 
Koes'il, 267 

Labb^, 155, 167, 168, 191, 
194, 205, 218, 229, 281, 
282, 233, 235, 238, 240, 
256, 264, 269, 297, 815, 
820 

hbbH {Echinospcnu), 227, 
238, 236, 382 

— {Eaemogregarina), 845, 
346 

Ldbeo nilotiau, 296, 842 
LabruB /utivuSf 842 

— turdus, 287, 842 
laeoMei {BananeUa\ 287, 

832 

— {Coccid.'vm), 206, 210, 
218. 21 «, 230, 332 

— (Diplospora), 281, 847- 
350 

— {Hatmogregarina)f 267, 
346 

LacaginOf 148 



Lacerta agilis, 267, 346 

— muralis, 266, 300, 846 

— oceUauta, 346 

— sp., 241. 266, 846 

— viridia, 846 
laeerUie {Coceidium), 846 
lacertarum [Karyolysua)^ 

241, 256, 266, 846 
lacryma [Mimoq/ttis), 829 
Lacrymaria, 896, 897, 898 
Lagena, 116, 142, 144 
LagenidoAt 144 
Loffenidea, 115, 189, 144 
lagenoidei {Oregarina), 885 
Jjogenopfuys, 417 
Lagis horerih 816, 827 
Lc^ynutf 898 
Lamna eomitbica, 842 
Lang, 210, 381 
Lanius spp., 848 
Lankester, 84, 154, 284, 

239, 248, 865, 870, 897, 

409 
LankuterdUi, 254, 256, 

259, 265 

— avium^ 266 

— minima^ 265 

— mmUis, 265, 267. 345 

— ranarum, 289, 258-257, 

260, 261, 265, 267. 270, 
845 

LankesUria, 194 

— amaroecii, 839 

— atcidiat, 161, 170, 171, 
172, 180, 184, 185, 194, 
339 

— diazoruUf 839 

— UuckaHi, 325 

— sp., 389 

Lathonura recttrostrts, 830 
Latrunculus alhus, 342 
laucoumetentis {Orega- 

rina), 184, 836 
Laveran, 154, 207, 208, 

282, 239, 240, 242, 265, 

267, 270 
Layeran and Mesnil, 175, 

208, 233, 240, 255, 291, 

301, 308, 305, 806, 307 
laverani {Diplospora), 231, 

845 

— (Olugea), 276, 327 
Laverania, 261, 265, 267 

— malariae, 248-254, 267, 
882, 351 

— ranaruMj 270, 845 
Lecanium heaperidumj 835 
Lecythium, 82, 140 

Le Dantec, 393 
It danteci {Rhaphidospora), 
817, 386 



L^er, 161, 169, 176, 184, 
188, 191, 206, 226, 229, 
280, 278, 276 
L^r and Duboecq, 187 
lAgerella, 230, 281, 272 

— nat», 229, 881 

— teitieuli, 280, 881 
Legerellidae, 280 
Ugeri {Ooeddium), 846 

— {Manoeystia), 888 
LSgeria, 200, 234, 285 

— agUis, 200, 838 

— eberthi, 838 

— odopiatia^ 880 
Ligerina, 859 

— ebertfU, 888, 859 

— oetopiana, 888, 859 
LeidyofuUa, 417 
Lembadioit, 408 
Lembus, 408 

Lepadogatter gouani, 842 
Lepitma taceharina, 885 
LeptocephcUus conger, 842 
Leptodadylut ocelioUus, 844 
Leptodora, 136 
L^otheca, 298 

— agilii, 280, 281, 298, 
843, 344 

— elongaioy 842 

— hepseti, 340 

— ohlmacherU 844, 845 

— parvOy 848 

— perlata, 293,889 

— polymorpfuif 848 

— ranae, 293, 845 

— renicola, 293, 848 
Leput eunictUuSt 850 

— timiduSy 350 
Leuciacus cephalMS, 842 

— erythrophthalmus, 842 

— fundiUoides, 342 

— phoxinuSy 842 

— ru/t/iM, 294, 296, 842 
Leuckart, 205 

Uuckarii {Didymcphyes}, 
333 

— ((?/aWrfti*»i), 350 

— {Lankesteria), 325 
Leucocytes, 240, 247, 259 

278 
Leucophrydiumj 402 
Leucophrys, 401, 402 
Leydig, 4, 7, 163, 164 
Uydigi {Chloromyxum), 

279, 282, 296, 889, 843, 

344 

— (Monocystia), 326 
LibeUula, 176, 200 
Libdlulidae, 335 
Ueberktihn, 163, 205, 281, 

275, 406 
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luiferkahni {Dipldipora), 

281, 286, 845 
— {Hyalokhana), 286 
Lieberkahma, 48, 82, 140 
lieberkUhnii {Ji^fxidium), 

281, 282, 288, 291, 294, 

297, 804, 842^ 
Lieberktihniiia, 408 
Lienophara, 418, 414 
licnophorina, 414 
Ligni^n8,270 
Ligurinui chlorit, 848 
LUUe, 898 
Limax ein€re<hniger, 282, 

888 
Limnetis sp., 830 
LkMiobia up., 197, 835. 
Lunnodrilua daparidi' 

anus), 297, 828 
LimnophUut rfumbicus, 

201, 885 
LimnophUvs up., 336 
Lindemann, 232 
lindemanni {Sarcoqfstxs), 

851 
linMrit {Eenneguya% 839, 

848 
Lineui ge$aerensii, 325 
Lingulinot 144 
Lii^^inoptitf 145 
linotpora {OeroUamyxa), 

287 842 
lintoni (Myxcbolu8\ 341 
Liocephalua liopygua, 327 
Lumotus, 400 
Lithobiiu eastaneus, 332 
^/or/Uaius,l75, 198,206, 

210, 221, 832 
~ Kexodus, 832 
~ impreuua, 233, 332 

— mar^tnt, 226, 233, 
882 

— mutabaU, 233, 332 

— jnlieomUf 332 

— pyrenaicMSy 332 

— 8p., 164, 206, 237 
LitKocystia, 194 

— $chneideri, 194, 195, 
324 

Z47uo^ 142 
Litudidae, 52, 142 
LUuolidea, 52, 85, 138 

(footnote), 140, 142 
Lobianehellay 196 

— beloneides, 196, 326 
Locusta Carolina^ 335 

tna), 334 
Lqftusia^ 138 (footnote), 

142 
Lqflusidae, 142 



(on^a ((Tr^ofina), 175, 

387 
longieoUis (Siylorhynehua), 

175, 186, 202, 824, 888 
lonfftroitrit {Ortgatina), 

887 
^on^rifftffia (/>uiymop^ye«), 

880, 881 

— {Chtufipora), 826 
lophii (Cnugea), 277, 292, 

342 
ZqjpMia friMfflj^ojiM, 842 

— l^iMatortiM, 277, 295, 
842 

— ip., 280 

Lopkoeampajtavosiicaf 885 
tophoeampae {Olugea), 885 
Lophoeqahalus, 201 

— tfM^^ 201, 884 
Lqphomonaa, 417 
X^j^AorA^yn^AiM, 201 

Lola vulgarii, 282, 291, 

842 
Loxocqahalw, 401, 402 
Z<M9qp^y/!2wm, 400 
lueani {AetinoeqtKahu), 

200 
~ (S(epAafM>pAora), 200, 

884 
Lueanut paralleUpipedus), 

200, 335 
Lucemaria auricula, 824 
/u«emarta« {Psorotper- 

mium), 324 
/ucuia (O'ottMta), 339, 843 
Lucioperea lucioperca, 342 

— Sandra, 342 

LUbe, 232, 235, 267, 800, 

305 
lumbrici {Monocystis), 155, 

827, 328 
Lumbrieonereis, 327 
Lumbricus, 155, 198 

— agricola, 328 

— Aercu^eu^, 328 

— didus, 328 

— rubelltu, 328 
Zujctnia pAoenicvniJ, 848 

— wro, 848 

lutea {Cnemidospora), 198, 

831 
Lutz, 256, 266 
Lycosdla, 199 
Z^m/)A<M^>oru2tiMii, 812 

— truttae, 312, 348 
Lyneeus sphaericus, 880 
lysimniae {OUtgea), 835 

Jf, abbreviation indicating 
diameter of megaloupbere, 
89 



m, abbreviation indicating 

diameter of microephere^ 

89 
Maeaeus sp., 350 
MaoaUnm, 242, 257, 259 
McDonald, 188 
Maehilis cylindriea, 885 
maeroeephala (Orefforina), 

884,885 
maerocystis {ThSlohasUa}, 

881 
maorogamete, 215, 228- 

227, 250, 256-259 
maorogametocyte, 215, 217, 

218, 228, 227, 248, 250, 

256, 259 
macrohaemozoite, 256 
macromeroxoite, 256 
maoronucleoa, 872 
Maoropus pemcillatui, 850 
macroschizont, 256 
macrosporoxoitea, 256 
macrura {Eenneguya), 841 
mofffM {Ha^mogreffarina), 

267, 845 

— {Monoeystis), 155, 157, 
327, 328 

itui^or {Diplocystis), 178, 

194, 834 
malaria, 241 
malarUu {Lonerania), 248- 

254, 267, 832, 851 

— {OsciUaria), 239 

— {Plasmodium), 248-254, 
267, 332, 351 

malarial parasite, 154, 229, 
239 

Moldaneorum (Pterospora), 
193, 194, 326, 827 

Malpighi, 2 

mammalia, sporozoan para- 
sites of, 233, 241, 850, 
351 

man, sporozoan parasites 
of, 232, 351 

— Ciliate parasites of, 864 
Mannaberg, 248 
Marcbiafava and Celli, 239 
Marginulina, 144 
marinum {Exosporidium), 

316, 837 
marionis (Olugea), 840 
Marsipella, 141 
Maryna, 410 
masked fever, 242 
inasovica {Spfiaerospora), 

294, 339 
MassUina, 89, 143 
Mastigamoeba, 321, 828 
Mastigopbora, 321, 822 
maturation, 218, 225, 2(^9 
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Manp«B, 865, 870, 876, 

886, 886, 892 
meal-worm, 160, 196 
JfeaiM^ropMfia, 107 (foot- 
note), 148 
Mtdxa-niUs lytimnia, 886 
fnedia {Henneguya)^ 841 
medullA, 866 
megaeephala {OrtgaHna\ 

882 
megaloAphere, 68 
megaloepheric, 63 
meganuclei, coi^ogatioii of, 

890 
megaoQcleaa, 42, 372, 394 
MegoMciex armattis, 828 
Meigen, 64 (footnote) 
melanin pigment, 242, 248, 

262 
nifelanipherus {Polychromo- 

phUus), 270, 861 
Jielasoma populi, 886 
MeUagris gaUopavOf 848 
MelolarUha brunnea, 886 

— sp., 199, 886 
mdolciukaebrunneae {Ore- 

garina\ 836 
Mdctpisa/asciata, 848 

— georgiana^ 848 
raembranelUe, 870 
MenoaporOj 201 

—' pdyacanika, 201, 882 
Menosporidaey 190, 201 
meridional canal, 65 
Merkel, 121, 128 
merluccii ( ifyxoMus), 842 
Meiiucciu4 merlueeiui, 842 

— vulgaris^ 842 
meront, 292 
merozoite, 166, 218, 222- 

224, 246 
MesnU, 168, 229, 231, 282, 

285 271 
memdi {AdeUa), 228, 224, 

238, 887, 369 
-7- (Diploapom), 281, 845 

— {ffaemogregarinay, 846 

— lOphryocyttis\ 837 
metnUii {Caryotropha)^ 

206, 217, 228, 226, 286, 

287, 827 
Mesodinium, 899 
Me^oHomum eh/renbergi, 

826 
Mesozoa, 298, '15 
metaboliBm of host • cell, 

208 
Metaeineia, 418, 424 
Metacinetina, 424 
MetchnikaveUa, 316. 824 

— spionU, 817 



fMtcknikovi (Coccidium)^ 
207, 341 

— {Haemamod)a\ 270, 846 
Metoptu, 406 
Metschnikoff, 168, 289 
microcephala {Oregarina), 

834 
Mieroeoeeidium earyoly' 

ticum, 846 
microgamete, 216-217, 219, 

223-227, 260, 266-269 
microgametocyte, 216, 228- 

227, 248, 256-269 
microbaemozoite, 266 
micromerozoites, 266 
micronucleus, 42, 876, 894 
micropyle, 227, 228 
microschizont, 256 
microsphere, 63 
microspheric, 63 
microapara {Olugea)^ 841, 

842 
Microsporidia, 276, 296, 

808 
Microsporidium, 297 
microsporozoites, 266 
Microthoracina, 402 
MicrothoraXj 402 
Miuchma, 801, 808 
muKheriana {Sareocystis)t 

303, 806, 808, 861 
Miescher's tube, 800 
migration of parasitic germs, 

164, 207, 262, 290 
MikrogromiOy 79, 80, 140 
MUiolidea, 86, 139, 142 
MUiolina, 87 (footnote), 

139 
Miliolinidae, 86, 142 

— tremeUophoraej 148 
Millett, 114, 139 
MUmts migrant^ 849 
Minchinia, 238, 284 

— chiUmia, 227, 284, 286, 
838 

— sp^ 888 

minima {AnguiUula\ 266 

— {Lankesterella), 265 
Minioptenu icfureibernif 

270, 850 
mifwr {Diplocyiti»\ 178, 

194, 884 
mimUa {Oou»aia\ 844 
minwtwn {Coecidium\ 208 
Miogypainaf 147 
mirabilit {Oeratospora), 

194, 326 

— (Syneystit), 194, 835 
miratfdeUtu {PUittophora), 

839 
Misgumut fauilitf 842 



mitis (Monocy9ti$)t 824, 

827 
Mitosis, 16, 877 
mitrarium {Ooeeidium), 

208, 238, 846 
molrilit {MonocysHs), 829, 

830 
mabiussd (Pyxinia), 882 
mocatsini (Haemogregair- 

ina), 345 
Moina rectiroiMs, 82, 880 
mole, 208, 209, 221, 281 

(see Talpa) 
Molge sp., 844 (see also 

Triton) 
mollusca, sporozoan para- 
sites of, 206-207, 210, 

838 
Mollis, 280, 288 

— entzi, 844 
Monedvla ^umtuit, 849 
m4)niexi {Amoebidiwm), 829, 

380 
monilia {LankutertUa),265t 

267, 845 
monnieri {Cfeneiorhynehui), 

175, 200, 336 
Monochilum^ 402 
Monocystidea, 176, 176, 

192 
Monocyttis, 165, 166, 169, 

172, 178. 184, 198, 271, 

278 

— life-history, 164-164. 

— agUis, 154, 198, 828 

— aphroditae, 1 75 

— clymenellae, 826 

— enehytraei, 328 

— /oliaeea, 826 

— laerymOj 829 

— legeri, 833 

— leydigi, 326 

— lumbrici, 827, 828 

— magna, 327, 828 

— mitis, 824, 827 

— mobtiii, 829, 880 

— pachydrilh 828 

— periehaetaef 828 

— piloaa, 327, 828 

— porreeta, 827, 828 

— sp., 328, 339 

— stiedae, 232 

— thalasumae, 828 
monogenetic, 166 
monogony, 210 
mononts, 76, 210 
Monoaporea, 280 
Monoeporoblastea, 229 
MonoitomaHdat, 140 
monozoic, 166 

monura {Hennegwya\ 840 
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Morica sp., 202, 336 
morphology of Hetero- 

karyote body, 393 
moruia, 309 
mosquito, 243, 248, 249 
MotacUla alba, 349 
MoUUa maculata, 342 

— sp., 287 

— tricirrata, 233, 342 
moUUae {Oaussia), 236, 

342 
mouse, 221, 236 (see also 

Mm) 
month of Ciliata, 366 
moTements of gregarines, 

180-182 

— of protoplasm in Font- 
minifera, 48 

Mr&zek, 297, 293 
mucosa {Sareocystis), 351 
mucronata {Asteri>phora\ 

200, 336 
~ {aehntidma)y 176, 199, 

333 
mueroTuUum {Chloro- 

myxum), 342 
Mitgil auratus, 342 

— capita, 342 

— chela, 342 

— sp., 294, 343 
Milller, 153, 412 
millleri {Myxobolus), 288, 

295, 296, 340, 342 

— {Serosporidium), 330 

— lThilahania\ 285, 286, 
292, 330 

multiform tests, 58, 135 
multiple amitosis, 292 

— plasmotomy, 292 
multiplicative reproduc- 
tion, 290, 292 

Munier-Clialmas, 60, 86, 

92, 111 
mnnieri {Gregarina), 181, 

333, 337 
murinus {PotychromO' 

phUus), 270, 351 
muris (Klossiella), 236, 351 

— {Sarcocystis), 301, 304, 
306, 307, 308, 351 

Murray, J., 118, 119 
Musciaipa atricapilla^ 349 
Mus decumaniis, 318, 350 

— muscidus, 351 

— rattua, 351 
Mustda putorius, 351 

— vulgaris, 351 
MnsteltLS canis^ 343 
-— laevis, 343 

— sp., 286, 293 
myocyte, 180 



myocyte-fibrillae, 156, 211, 

254 
myoneme threads, 365 
myophan threads, 865 
Afyotis capacciiiii, 851 

— myotia, 351 
Myriapoda, sporozoa of^ 

206, 331 
Myriapods, Ciliate parasites 

of, 405 
myataeidarum {Oregarina\ 

335 
Myttacidea sp., 199, 885 
MyxkUa dinardenna, 816, 

827 
Myxidiidae, 277, 298 
Myxidium, 286, 288, 295 

— danilewakyif 275, 294, 
346 

— gigarUeum^ 283, 848 

— histapkilum, 342 

— incurvatum, 340, 848, 
344 

— lieberkuhnii, 281, 282, 
283, 291, 294, 297, 308, 
342 

— aphaerieum, 840 
Myxobalidae, 277, 288, 289, 

292, 295, 299, 307 
Myxobalus, 293, 295 

— cyclaidea, 342 

— cyprini, 276, 278, 290, 
296, 341 

— dipleurua, 342 

— diapar, 296, 341, 842 
~ ellipactidta, 279, 283, 

287, 295, 296, 344 

— exiguxis, 339, 342 

— globosus, 341 

— inaequalia, 296, 343, 
344 

— lintoni, 341 

— mcrluccii, 342 

— miilleri, 288, 295, 296, 
340. 342 

— obesua, 295, 339 

— oblangua, 341 

— oviformia, 207, 339, 341 

— pfeifferi, 276, 277, 283, 
296, 340, 344 

— pirifonnia, 296, 342, 
344 

i — sp., 275. 328, 340, 342 

— sphaeralis, 340 

— textua, 343 

— transovalia, 342 

— nnicaps^Uatua, 296, 342 

— zachokkei, 340 
Myxocystis ciliata, 297, 328 
Myxoproteua, 294 

— a7rUnguua, 295, 342 



Myxaaama, 294, 295 

— ambiguum, 295 

~ di^rdini, 294, 842 
Myzosporidla, 150, 158, 

165, 166-168, 208, 274- 

297, 802, 808, 805, 806, 

320 
Myxaaparidiufn eongr% 840 
liyxotheca, 48, 51, 52, 54, 

140 

Nats laeuitria, 275, 828 

Nc^ tripudiana, 846 

fu^ {Hoiemogregarma^ 
846 

Naaauloy 897, 400 

Nassulina, 400 

naatUa {Haemogreiganma), 
240, 267, 828 

Nathansohn, 44 

NavicOla, 161 

neapolitana {Oretya), 844 

Nebalia aerrata, 380 

Necrobia ruficoUia^ 885 

Nemathelminthes, spoftnoft 
of, 325 

Nematocysts, 275, 872 

nematode -theory of Gre- 
garines, 154 

Nematoidea^ 208 

—fuaifannia, 208, 820, 
331 

— (SicdUdtia), 154, 316, 
316, 326, 327 

Nematopoda, 417 
Nematapaia, 318 

— sp., 838 
NSmec, 6 

Xemertea delineatua, 825 
Nemertini, sporozoa of, 104, 

325 
nemcrtia {Uroapara), 825, 

326 
Nemobiua aylvealria^ 835 
Neosporidia, 166, 274. 285, 

299, 322, 323 
Neozygitia aphidia, 385 
Nepa cinerea, 194, 200, 

233, 234, 335 
nepae (FAmeria), 230, 885 
Nephelia atamaria, 328 
Nephthya acolopendroidea^ 

327 
Xereia beaucaudrayi, 202, 

203, 327 

— adtrifera, 202, 327 
Neriru, 204, 327 
Neritina fiuviatUia, 286, 

338 
Xerophia aequareua, 848 
Neumayr, 115 
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NeTeu-Leroaire, 264, 265 
newt, 208, 270 (see also 

TriUm) 
Nioaea niUonit 330 
nieaeae {Aggregata)^ 880 
nigra {Oymnospora), 837 
Miphargua subUrraneuty 

830, 881 
noM/iff {Pterocephcdut\ 176, 

198 
Nodoaaria, 116, 187, 142, 

144 
Nbdosariidaet 144 
Nodasinella, 142 
ifofiumtna, 126, 142, 146 
Noiema, 297 
Notodromas monacha^ 812, 

831 
Notomastus linecUus^ 327 
Notropis megalopsj 343 
nopa {Eimeria), 207, 228, 

224, 229, 231 

— {Legerella), 229, 881 
Nubecularia, 148 
IfubectUaridae, 148 
nuclei, 872 
nncleolui, 3, 14, 166 
nucleus, 2, 8, 13, 45, 46 

— division of, 16 

— position of, 71 

— of Cydoclypeus^ 182 ; 
Diteorfnna, 128 ; Olobi- 
gerina, 119 ; Gregar- 
ines, 182, 183 ; OrbUo- 
lites complanata, 112; 
PaUUina, 123; Pene- 
ropliSf 111 ; PolystomeUa, 
66, 70 ; Polytrema, 121 ; 
Rotalia, 120; iS^ukxim- 
mina, 83 ; Spirqplecta, 
113; rex^utorio, 118; 
Truncatxdina^ 125 

— host-cell, 208, 241 
Numeniut phaecims^ 349 
ifummu/i^ef, 69, 127, 189, 

146 
NwnmulUidae, 146 
ififinmu^i^ufea, 126, 146 
Nussbaum, 386 
Nuttall, 263 
Ifyetobaies penntylvaniea, 

836 
NyctUhenu, 364, 406 

6beau$ {Myxobolus (?) ), 296, 

889 
cbUmgatua {Stylorhynchtts), 

883, 336 
fMongua {Myxobolus), 841 
oMiMa (Pleistophora), 829, 

880, 881 



occurrence of Coccidia, 
206 

— of Oregarines, 169 

— of Haemosporidia, 240 

— of Myzosporidia, 274- 
276 

— of Sarcosporidia, 300 
octcpiana {Benedenia), 284, 

888 

— (Klossia), 236, 286, 888 

— {Legeria), 338 

— {Legerina), 338, 369 
odopianum {Bueoecidium)^ 

286, 338 

Octopus vulgaris^ 286, 286, 
338, 369 

ociospora ( ITiUohania), 296, 
881 

octozoic, 189 

(kypus oUfu, 200, 336 

ohlmacheri {Leplotheoa), 
344, 846 

oligaeanthut {Hoplcrhyn- 
chua\ 201, 838 

Oligochaeta, Ciliate para- 
sites of, 408, 404, 406 

— sporozoan parasites of, 
276, 298, 327, 328 

Oligoplastina, 229 
Otigosporogeneoy 297 
Oligotricha, 408 
(XocraUs abbreviatvA, 207, 
836 

— flriftfru*, 317, 886 
OmmatopUa sp., 326 
Omoplus sp., 201, 336 
Oniscus, 221 
Onjchodactylina, 401 
Onychodactyltu, 896, 401 
Onychodromut, 411 
Onychophora, sporozodn 

of, 331 
Oocephaltu, 202 

— hispanus, 202, 836 
oocyst, 204, 210, 219, 227, 

261, 272 
ookinete, 261, 269 
Opalina, 864, 401, 404 

— nuclei of; 378 
Opalinina, 404 
C^inopsis, 401, 404 
(^KUrum sabulosumj 886 
Cfpercularia, 413, 416 
C^culina, 126, 127, 146 
ophioides {Sphaerorhyn- 

eh^u), 202, 332 
OphioidiruL, 196 

— bondliae, 196, 328 

— discocoelidity 826 

— haeckeli, 331 
Ophrydium, 413, 416 



OphtyocystiSy 192 

— biUsehlii, 187, 888 

— cauUeryiy 837 
— /rancUcif 832 

— gametes of, 188 

— hagenmiUliri, 886 

— meanilif 887 

— schneideri, 177. 888 
Ophryodendrina, 422 
C^ryodendron, 420, 422 
OphryogUiui, 401, 402 
Ophryoscolecina, 409 
C^ohryosooUXy 408, 409 
(iahthalmidium, 109, 110, 

148 
Opisthodon, 400 
Orbiculina, 96, 186, 148 
OrbUoides, 147 
OrbUoLUes, 100, 186, 189, 

143 

— complanata, 61, 68 (foot- 
note), 71, 73, 104. 112 

— life-history, 73, 74 

— dupUxy 102, 111 

— marginalise 100, 111 

— tenuissimot 67, 108 
Orbulina, 117, 146 
Ordusella villoaa, 886 
Orcheatia littorea, 831 
Oria armandi, 316, 327 
Oriolus gaOmlaf 349 

— ortoZuf, 349 

omata {Barrousna)^ 280, 
238, 234, 286 

— {PhiaUnde»\ 200, 885 
OrycUa naticomia^ 180, 

836 
Oaciilaria malariae^ 289 
Otaria ocdifomiea, 805, 

851 
(MAoeion, 400 
Orthoptera, Ciliate parasites 

of, 417 
Olua vulgariay 849 
ovalia {Stylorhynchua), 887 
avata {Adelea), 210, 218, 

217, 222-224, 228, 280, 

282, 332 
~ (Oregarina), 196, 884 
otr(/brm« {Ooceidium\ 206, 

226, 227, 232, 860 
oviformia (ifyxoMitf), 207, 

839, 341 
<ma {Babeaia), 351 

— {PiropUuma\ 270, 861 
ovoic^ {Olugta\ 286, 840, 

842 

Owen, Miy'or, 120 (foot- 
note), 138 

ox, 269 (see also Boa) 

Oxytricha, 412 
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Oxytrichina, 411 
Oa^ris orncUa, 825 

paehydrili (i/imo£y<<M), 

828 
Paehydrihu pagmuiecheri^ 

828 

— ^emifiucua, 828 
Paehygrapaus mamoratus^ 

168, 881 
Pa^i^hina prtUemitt 886 
Padda oryxiBora, 849 
PageUut ceiUrodonttu, 848 
Palaemcm cupentu, 881 

— fvc^uYwiru^ 881 

— gerratui, 881 
PoZoemofie^ vouriam, 881 
pallida (Oeratomyxa), 840 
Pamphagutt 886 
Panehlora exoUla, 886 

886 
Pandion haliaHus, 849 
ptnsporoblast, 288 
Paraeocddivrnprevoti, 288, 

844 
paradosoa (Didymophyta)^ 

180, 198, 884 
PomuioaxMtoma sp., 881 
panglycogen, 182, 218 
Paraitotficha, 408 
Paramoefto, 218 
Paramoecinm, 408 
Pammoeetiim, 401, 408 
paratUieum {Amodndium), 

813, 314, 329. 330, 886 
pansitism of Heterokary- 

Ota, 364 
Parkeria, 142 
Pamui sp., 184, 886 
parthenogenesis, 44, 188, 

188, 252 
Panda pitiayumit 849 
Panu caendeutf 349 

— q^neut^ 349 

— major^ 349 

^rva {Leptotheea\ 848 
/NinnM (Bo^utf), 829, 880 
PasUhea reetirottria, 381 
pataalicomtUi (Ghregarina), 

336 
Pasaalua ccmtUtu, 336 
Passer domesticus, 349 

— hispanioUnsiSf 349 

— morUanuSt 349 
Pa(e^ vulgata, 234, 888 
PoJteUina, 128, 125, 145 
Pavo cristattu, 349 
PavoninOt 144' 
p^brine, 275 
peduncle, 869 



pelagic Foraminifera, 188 
Pelecypoda, parasites of^ 

408, 405, 414 
pellicle, 865 
PeUmna, 141 
peUudda (DUiocydis), 282, 

827 
fw2feiiesn' (iSTyotoiUotiui), 

206, 286, 888 
pemUUa (SeUnidiim), 204, 

827 
Pmemplididae, 98, 148 
Pmeroplia, 98, 111, 185, 

189, 142, 148 
penetration of blood-cor- 

pnscles, 245 
PercaJhtifiataiSt 848 
petforans {Ck)ecidium), 850, 

851 
perforata, 54 (footnote) 
perforation of m^galo- 

sphere in PeneropUdidae, 

95, 99, 102 
Periehduta, 205 

— amuUa, 828 

periehadae {Monocyitis), 

828 
P«ruf ifuiNK 5ij?ef, 824 

— divergmst 824 
Periloeulina, 148 
Peripatus oapensis, 881 
Pen/)ton«to ameriMtna, 

194, 886 
~ orientalis, 196, 886 
/?ert>2cmetos ((72«^0a), 886 
Perispira, 899 
Peritricha, 418 
Peritromina, 411 
Peritromus, 410, 411 
jier^ato {Leptotheea), 298, 

839 

— (/S^AoenMpora), 298 
perlatum {0Uoromyxwm), 

298 
pernicious fever, 241 
Pemis apivorus, 849 
PercpKora annecUns^ 889 
Petrcbius marUimus, 197, 

336 
Petrogale peniciUata^ 851 
Pfeiffer, 164, 205 
P/eiferella, 230, 288 

— gigantea, 842 

— ^pn'itcQM, 850 

— sp., 838 

pfeifferi {Cfoccidivm), 881, 
847, 850 

— {MyxobUus), 276, 277, 
288, 296, 840, 844 

Pfeifferia, 280 



Pfmffma acMbergi^ 851 
PJilbmer^ 878 
Phaenocystes, 275-277,284 

286, 288, 291, 293 
PhalaeroooTOX graeulua 

849 

— eriatatua, 849 
Phalangidae, 199, 888 
phalangii {Seiadepkora) 

199, 888 

199, 888 

— mumm, 199, 888 
~ <>pato, 199, 888 
PKall%mamamMiUaiafZ99 
phalluaiae {PUwm^fffa)^ 

889 
pharynx, 867 
Phaaoolodoti, 400 
PAojioniM eo2c&ie«i^ 849 

— sp., 849 
PA«aif,200 
PAia^oidec, 200 

— omoto, 200, 885 
Philaater, 402 

phUiea {Oregarina), 885 
P^OM^Mutf sp., 826 
Philodryaa o{ferau, 846 
PhoeniGodrilua taaU, 828 
PAoxiniM funduloidaa, 
848 

— Jomf, 296, 848* 
PAreoto^AnsB pngemaiaf 

828 
PAftmtma aeofentorM, 195. 
881 

— sp., 831 

phnmimae {Ckdlyniroek'' 

Umys), 195, 881 
Phronitndla sp., 881 
Phryganea grandia, 200, 

836 
— - ThifwuncOf 886 
Phryganeidae, 886 
Phryganid larvae, 175, 

199 
Phyeia rMditemmea, 848 

— phyeia, 348 
Phyllodcce, 827 
Phyllognathua, 886 
phylogeny of Myxospo- 

ridia, 298 

— of Sporocoa, 821 
Phymata emaaipea, 886 
physiology of digestion in 

Ciliata,880 
Pica oavdata, 849 
^piea, 349 
Plow mtnor, 349 
Pierid, 886 
pigment of Ciliata, 866 
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826 
pike, 294, 296 (see alio 

piUcUa {Aoanthotpora), 

201, 886 
PiUoaiphalinae, 199 
PiUooqphalui, 199 

— O0fyt, 885 

— ehinetmt, 199, 885 

— heerii, 175, 199, 886 
pOoia {Manoeyitu), 156, 

827-828 
PUMlina, 62, 88, 141 
PiUdinidae, 141 
Pimdia sp. 202, 886 
JHmdodut Uochi, 296, 848 

— elariat, 296, 848 

— M6a«, 848 
Pinnotheres piturn^ 188, 

881 
Piramtiiana blochi, 848 
piriformis {Myxobolus), 

296, 842, 844 
Piroplasma, 254, 255, 266, 

269, 309 

— bigeminum, 242, 262, 
269, 888, 850 

--eanis, 242, 270, 887, 
850 

— equi, 242, 270, 850 

— ovis, 270, 851 

Pieces, Rporozoan pitraritee 

of, 889-844 
Pisdeola geometra, 828 
Placopsilina, 142 
Plagiocampa, 402 
Plagicpogon, 899 
PloffiUoma^ 405 
PU^otomina, 405 
Planaria/useaf 826 

— <onw, 825 
pfanaruM (P2euroiy^), 

825 
PlanariaDs, parmiitefl of^ 

404, 414 
Planispirinaf 148 
Planorbulina, 146 
Plannodium^ 289, 265, 
.267 

— immaculcUumf 267 

— A:oc^t, 267, 850 

— malariae^ 248, 254, 267, 
382, 851 

— praecoz, 267 
-—vivax, 243-254, 267, 

882, 851 
plMmotomy, 291, 292 
plastinoid granules, 218 
plastogamy, 79, 125 
PUte,8l7 



PUUemys sp., 846 
Plaimm^ 140 
Platydeis grisea^ 886 
PUUycysUs, 204 
pkUydaetyli {Haemogrt' 
garina), 846 

— (Sareoeystis), 800, 808, 
846 

PkUydadylvs mauriUini- 

eust 800, 846 
Platyhelminthes, sporosoa 

of, 825 
Platystoma fasciatum, 848 
PUistophara, 238, 297 

— acerinae, 889 

— coccoidea, 830 

— oo^oro/o, 380 

-- danilewskyi, 846, 846 

— Kdminihophthora^ 825 

— Atf^erotco, 847 

— hokpedii, 880 

— mtn»uie22a€^ 889 

— oftftMo, 829, 880, 881 

— roMO, 829 

— schmeili, 880 

~ sp., 276, 285, 825, 829, 
830, 381 

— typicalis, 296, 297, 340, 
841 

— virgtUa, 829, 380 
Plewveoptes, 403 
Pleuronectes pUUessa, 848 
PlevToneetida€y 275 
PUuronema, 401, 403 
Pleoronemina, 408 
P^eiirM^om«2to, 144 
P^tfuro^ncAo, 411 
Fleurotrichina, 411 
PleuroMyga, 196 

— clavellinae, 839 
—- distapliae, 839 

— phaUusiae, 389 

— j)tonariia€, 825 
Pluvialis apriearius, 849 
Pockenkrankheit, 278 
PodoeycUhus, 425 
Podophrya, 418, 422 
Podophryina, 422 
Podwra aquatictiy 836 

— viUosc^ 886 
podurae {Oregarina), 836 
Poeeilus cupreuSf 886 
PogoniUs, 201 

polar capsule, 275, 284 

— filament, 284 
Pollard, 194 

PoUicipts cornucopia^ 208, 
331 

— polymeruSf 331 
polyacantha (Jienospora)^ 

201, 882 



Pdyarthra plaiypUra, 886 
Polychaeta, sporosoa of, 

270, 826, 827 
Po^yeAromop^i^ttj^ 266, 270 

— metemj^Atfrus, 270, 860, 
861 

— munnuj^ 270, 851 
Polycystida, 175 
jpo/y«2e«m» {Amphoroides), 

199, 832 
polydesmivirginiensis {Ore- 

garina)f 381 
Polydesmus oomplanatus, 

199, 832 

— sp., 233, 882 

— virginiensis, 882 
Pclydora agassisit 827 

— eoeoa, 827 
— JUna, 827 

polydorae {Doliocystis), 827 
Pdygordius nsapolitanus, 

326 
Polymitus, 250, 259 
Polymnia nebulosa^ 206, 

228, 286, 827 
polymorpha. {A can<AoQM>r«), 

836 

— {£irmoeystis), 179, 197, 
885 

— (Ofi^rtna), 196, 887 
859 

~ (Z^p^oeAeca), 848 
Polymorphinaf 116, 146 
Polymorphinidae, 145 
Polyphanus sp., 331 
Polyphragma^ 142 
Polyplastina, 229 
Pplyrhabdina, 204, 817 
polyspermy, 227 
Pdysporea, 298, 298, 288, 
Polysporocystidae, 229, 280^ 

238 
PdysporogenoOf 297 
PolystomcUidae, 140 
Polystomella, 55, 62, 74, 

126, 146 

— structure, 62 

— (life-history), 66 
PUystomellidae^ 146 
Pdytrema, 120, 185, 146 
Polytricba, 405 
Polyxenus lo^rus^ 882 
Polyzoa, sporoioan para- 
sites of, 828 

polyzoio, 166 

Pomatoeeros iriqueier, 827 
PopoYici, 266 
porcellanoua Foraminifcxm, 

54 
PoroeUiOt 221 
Pore^409 
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PorotporOf 196, 228 

— giffanUa, 161, 181, 196, 
197, 830 

Porotporidaef 196 
porrteta {MonocysHa), 165, 

827, 328 
Porter, 869, 417 
Porthesia chrysorrhoea, 886 
portuni {Zygoeyttit), 881 
portunidarum {Aggreg<Ua\ 

196, 329, 881 
Portuntu arcwUui, 196, 

881 
PotamarUhtu sp., 886 
Poiamochoerut larvattUf 

851 
praeeox {Plasmodium^ 267 

— {StylocyttU), 199, 887 
praemorta {Aggre0<Ua),l6^ 

829 
prtvoti {Paraooecidium\ 

283, 344 
primary sporoblaat, 169 
primite, 178 
primitive diac, 106, 180 

— ffphere, 288 
princeps {P/eiffereUa)^ 850 
principal host, 253 
pronucleua, 219, 259, 273 
propagative reproduction, 

291 
proprium {Ooccidium)^ 225- 

227, 272, 344 
Prorodon, 367, 396, 397, 

399 
Prorotrichina, 400 
Proatomial process, 367 
Proteosmna, 250, 257, 265, 

267 
protoraerite, 174 
protoplasm, 4 

— continuity of, 5 

— of Foraminifera, 48 
Protozoa, sporozoan i para- 
sites of, 324 

pravincialis {Stictospora\ 

199, 335, 336 
Prowazek sp., 159, 161, 890, 

407, 412 
Psammoryctes barbattUt 

298, 328 
psamnwryctis {Hexactino- 

myzon), 298, 328 
Psaynmosphaenij 55, 141 
"Pseudo-coccidies," 820 
pseudo-cyst, 183, 187 
Pseudodifflugiaf 140 
pseudonavicella, 153, 161 
Pseudoplaiystomaf 343 
pseudopodia, 48, 152, 177, 

280 



Psilotrieha, 412 
Psilotrichina, 412 
psorosperm, 158, 205, 275 
i,jorotpermiea {ffenneguya\ 

288, 296, 841, 848 
Psorospermium eunieuli, 

282 

— haeckeli, 829 

— lueemaritie, 824 
Pteroceph4dutt 171, 172, 

190, 198 

— gametes of, 187 

— nobUii, 176, 198 
Pterospora, 177, 198 

— maldaneorum, 198, 194, 
826, 827 

PUrotraehM sp., 169, 888 
pterotracheae {Oregturina), 

888 
Ptychocylis, 409 
Ptyehodera davigera, 889 

— tamiensit, 889 
Ptyehostomum, 408 
puicher {Triehorhynekus), 

198, 882 
PuUenia, 188, 145 
Pulvinulina, 119, 188, 146 
punctifBra {Olugta\ 841 
ptUeana {Z^goqfttis), 831 
Pygoapio $etioomu^ 827 
Pyralis viridana, 836 
Pyraaoma, 269 
Pyrrhula europaea, 349 

— vulgaris, 349 
Pyrsonympha, 869, 417, 

418 
Python reticulatuSf 346 
pythonis {Haemogregarina), 

346 
Pyxinia, 200 

— crystalligera, 334 

— /renzdh 172. 388 

— mUbiuszi, 332 

— rubecula, 174, 189, 200, 
334 

pyxiuin granules, 182, 218 

quadratum {Chloromyxum), 

340, 343, 344 
quartan fever, 241 

— parasite, 243-254 
Quinqudoculinaf 52, 87, 

111, 137, 139, 148 

rabbit, 209, 232 
Rata alba, 343 

— asterias, 343 

— batis, 343 

— clavata, 343 

— mosaica, 267, 348 

— punctata, 267, 848 



Rata sp., 279 

— unduiata, 848 
raiUeti {Oocddium), 282, 

846 
"Bainey's corpuscle," 801 
Ramulina, 145 
Ramulinidae, 146 
Bana esculenta, 281, 288, 

236, 265, 267, 298, 844, 

846 

— temporaria, 298, 846 
ranae {Leptotheea), 298, 

846 
ranarum (Ooccidium), 844 

— {Dactylosoma), 270 

— {Drtpanidium), 164, 
239, 255, 270 

— {Karyophagus\ 270, 
844 

— {Lankesterella), 289, 
255-257, 260, 261, 266, 
267, 270, 345 

— (Laverania), 270, 846 
rara {Haemogregarima), 

846 

— {Jsospora), 282 
ray, 240 

reactions of paraglycogen, 

182 
Bedi, 158 
reduction, 188, 225, 278, 

291 
reduction-divisions, 26 
reduvii (Ilyalospora), 886 
Reduvius personatus, 886 
redwater, 242 
regeneration, 392 

— of SUntor, 392 
relapse (malarial), 262 
reliquat kystal, 159 

— sporal, 161 
Remak, 4, 14, 204 
renicola {Leptotheca), 298 

343 

rents {Karyainoeba), 818, 
345 

Reophax, 142 

repair of tests of Foramini- 
fera, 57 

repdini {AcanthospoTa\ 
338 

reproduction of Hetero- 
karyota, 381 

— of Calcarina, 120 ; Col- 
cituba, 112 ; Comuspira, 
74, HI ; Cristdlaria, 
116 ; Discorbina, 123 ; 
Euglypha, 53, 79 ; Hali- 
phyaema, 84 ; Hyalcpus, 
80 ; Mikrogromia, 80 ; 
OrbitolUes, 78, 74, 106, 
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HI; Patdlina, 123; 
Peneroplitf 111 ; Potytto- 
mdla, 67, 72 ; (^inq[M- 
loculina, 111 ; RottUia, 
120 ; Saccammina, 88 ; 
2Vic^ajpAam«m, 76, 82 

— of Foraminifera, sum- 
mary of evidence, 77 

— of megtloepheric form 
of ComuspirOf 7 it 111 ; 
OristdlariOt 116 ; IHs- 
corbina, 128 ; OrbitoliUa 
camplanataf 74, 112 ; 
0. duplex. 111 ; 0. mar- 
ginalis. 111 ; PcUellina, 
128 ; Peneroplitf 111 ; 
Polystomella, 72 ; Qittn- 
qudoeulina, 111 

— of microspberic form of 
Calcarinoy 120 ; Or&tYo- 
2i^ complanata, 78, 
106, 112 ; PolystamOlOt 
67 ; i2o/a/ia, 120 

reptiles, 240, 254, 276 
residuary nuclei, 288, 285 

— protoplasm, 220, 248, 
250, 262, 258, 255 

Restkdrper, 159 
Reticularia, 47 
reHcularis {CercUomyxa), 

844 
retral processes, 62 
Benss, 54 (footnote) 
Ithabdammina, 141 
Ehabd<imminidae, 141 
Rhabdogeniae, 168 
Ehabdogonium, 144 
Rhabdospora, 238 

— ihUohani, 389, 840, 
841, 842, 848, 344 

Bhabdostyla, 416 
Rhadinaea merremiij 846 
Rhamdia aebae, 848 
RhaphidospoTa, 317 

— le darUecit 317, 886 
Rhina sqvatina, 343 
RhinolophtLS ferrum-equi- 

nv/m, 351 
Rhipicephalus anntdattu, 

262, 838 
RhizamminOf 55, 141 
Rhizopoda, 47, 320, 821, 

822, 328 
Rhizotrogus aestivtu, 197, 

199, 886 

— sp., 836 
Rhopaloc^^halus earcino- 

mcUoaxUy 320 
Rhopalonia, 198 

— geophUi, 198, 831, 332 
Rhumbler, 60, 65, 58, 74 



(footnote), 82, 95 (foot- 
note), 116, 119, 120 

(footnote), 186 
RhyacophUa sp., 200, 886 
Rhynceta, 870, 418, 422 
Rhynchdmia dUuairottriSt 

828 
Rhynchobolua americanus, 

827 
Rhynchocephala, 240 
Rhync?umerella fulgens, 

827 
riedyi {Haemapium\ 270, 

844 
rileyi (SarcocyHis)^ 847 
Rimulina, 144 
ring-form, 248, 246 
rivoUeie (Diplotpora), 281 
robuslu* {DaUykphorus)t 

198, 831 
Rompel, 868' 
rosace, 222, 248 
roscoviana {Eytdotpora), 

197, 886 
roacovienae {Oocddium), 

847, 849, 860 
rosea (Pleistophora), 829 
rosette, 289, 240, 248, 

247, 256 
Ross, 240, 258, 262 
Rossbach, 879 
roatrcUa (Sphaeroapora), 

294, 848 
rostrum, 217 
Roialia, 120, 142, 146 
Rotalidae, 145 
Rotalidea, 120, 139, 145 
Rotalinot 120 
Rotifers, sporozoa of, 826 
Rubecula /amiliariaf 849 
— {Pyxinia), 174, 189, 

200, 884 
ruminants, Ciliate parasites 

of, 400 
RupertiOf 146 
Russow, 5 

Sabella, 327 

aabellae {Selenidium), 826, 

827 
SabeUidae, 816 
aoMlidartim {Toxoapori- 

dium), 316, 826, 327 
aabrazeai {Sphaeromyxa), 

341 
Saccamtnina, 52, 54, 88, 

139, 141 
Saccamminidae, 141 
Sachs, 5 
aaenuridia (Uroapora\ 194, 

828 



SagenellOf 141 
SagiUa clapandU sp., 825 
aagittae (Amothc^ 825 
aagittata {Anoora), 196, 

826 
Sagrina, 145 
salamander, 208, 270 
aalamandrae {Coccidium)^ 

845 

— {Karyophagua),270M^ 
Salamandra maeulata, 845 

— acdavMiuira, 345 
iSo/jMi aerugiiwaa, 889 

— c<;Voe(2tfrato, 889 

— maxima^ 889 

— vaginot 889 
acUpae {Gregarina), 389 
<SStx/ve^inuj forUinalia, 812, 

848 
iSiapjpAmna sp., 831 
sarcocystin, 801 
Sarcocyatia, 308 
—/alcatula, 848 

— ^ue/i, 805, 851 

— mmii(is, 851 

— lindemanni, 351 

— mieacheriana, 808, 806, 
808, 351 

— miueoaa, 851 

— mum, 801, 804, 806, 
307, 308, 851 

— platydaUyli, 800, 808, 
846 

— rileyi, 847 

— sp., 848, 849, 850 

— tendla, 802, 804, 805, 
808, 851 

sarcode, 2 

SarcopKaga eamaria, 836 
Sarcosporidia, 150, 165, 
166, 167, 168, 275, 281, 
298, 299, 308, 822 
sarcosporidiosis, 300, 802 
aardinae {Coceiditm), 840 
satelUte, 178 
Sauropsida, 232 
Saxicola oenanthey 849 
Scaphidiodon, 400 
acarabaeirelicti {OragO' 

rina)y 387 
Scarabaeua relietua, 887 
Scardiniua erythropfUhal' 

mua, 294, 848 
Scaurua triatia, 887 
Schacko, 111, 116, 119 
Schaudinn, 40, 51, 69, 72, 
74 (footnote), 75, 76, 82, 
111, 112, 123, 161, 166, 
168, 205, 208, 209, 210, 
211, 221. 227. 231, 282, 
233, 284, 240, 248, 245, 
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S48, 248, 250, 252, 257, 
S69, 267, 291, S07 

BdiewUkofi; 79 (footnote), 
181, 818-820, 867, 898, 
899, 402, 408, 424 

SkhiMc^ttU, 188, 191, 816 

— gngarinoidet, 191, 388 
•tyMgony, 166, 190, 204, 

M8, 209, 212, 218, 222, 
128, 248-247, 255 

— of Myzosporidia, 290- 
992 

Srik mgi^ arinae, 176, 191 
flohiiont, 166, 212, 222- 

S24, 243-247 
Mbiiontocyte, 228 
Mkiawra {Henneffuya), 841, 
Sdlileiden, 2 
Sehlnmberger, 86, 90, 92, 

111, 115, 117, 120, 121, 

188 
Bohmeil, 818 
tehmeiU {Pleidcphora), 

880 
Schneider, 169, 205, 282, 

817 
s^neideri {Bamnuna), 

288,882 

— {OyHolria), 824 

— {DiplocyitU), 194, 886 

— (Eimeria), 230, 882 
^{LUhocystu), 194, 195, 

824 

— {Ophryocystis), 177, 838 
Schneideria, 199 

— eaudata, 199, 337 

— mtteroTuUa, 176, 199, 
833 

— sp., 833 

Schneiderian body, 360 - 
Schuberg, 407 
tehtibergi {Coccidium), 206, 

210-221, 228, 332 

— (P/ei/ma), 351 
Schubert, 113 
Schultze, M., 4, 50, 51, 55, 

82, 128 
Schulze, 71 
Sehwagerina, 146 
Schwann, 2, 14 
Schwartz, 13 
Seiadophora^ 199 
—JUsideM, 338 

— gororwwiUchi, 338 

— phalangii, 199, 338 
Sciadophorinae, 199 
Sciara nitidicoUiSf 199, 

837 
SeoMepis /ultginosoj 204, 

827 

Seol<^l)endra, 175, 198 



Scolopendra eingulata, 882 

— mortitani, 288, 882 
seolopli {Hapioqwridium), 

811, 827 
Sookplaa nMeri, 811, 815, 

827 
Seolcpoeryptopttextpinoius, 

882 
Scomber scombrus, 848 
Scorpaena, 280, 298 

— poreuif 848 

— tcrqfa, 348 

— ep., 848 
Seutigera, 198 
—foreqn, 882 
~ ip., 882 
ScyUium, 279 

— eanieiUa, 848 

— caifUuif 848 

— tUUart, 848 
Scyphidia, 414 
•econdary man, 57 
■egmeatation, 4^ 
•election of materialf of 

tert,52 
Sdenidiuin, 176, 189, 208, 
815, 816, 817 

— annuioihim, 827 

— cirrh4auli, 826 

— eehinatim, 208, 204, 
326 

— "«» point el virgvU" 
208 

— •* en virguU;* 203 

— euniccbtf 826 

— pendula, 204, 827 

— tabellae, 826, 827 

— aerpuf<t€, 827 

— sp., 826, 827 

— apionUt 824, 827 
Semper, 111 

Sepia ojicinalis, 228, 284, 

285, 388, 859 
Seps chalcides, 346 
S^piatat 175 
septate, 173 
Sericostomoy 199, 200, 201 

— sp., 337 
Serinus canariuSf 349 
Serosporidia, 150, 167, 812 
Sero^aortdiumt 812 

— cypridia, 312, 829 

— gammarif 330 

— vimeri, 330 

— sp., 330 
aerpeniium {Dr^panidivm), 

256, 266, 345-347 
SerptUa contortuplieaia, 

327 
aerpulae {Selenidium), 827 
S^ophaga ruticilla, 849 



•eziial cells, 44 

shell of Foraminifera, 52 

shell wall, stmctore, 56 

Shfpheaarddla, 82, 141 

Sichelkeim, 191 

Siebold. 158 

Siedlecki, 161, 170, 172, 

180, 200, 218 
SiedUckia, Z\5 

— nemaUndu, 154, 815, 
816, 826, 827 

SigrMUina, 89, 143 
siUoeous tests of Fonmini* 

fera, 53 
silkworm, 297 

— disease, 275, 276, 290 
SUpka lawigaia, 887 

— tKondca, 201, 887 
Simocqthalui vduhu, 880, 

881 
Simond, 270 
nmondi (ObeeidtiMi), 881, 

882 

— {Haemogreg a nna), 267, 
844 

simple plasmotomy, 292 
simplex {Adelea), 288, 884 

— {Chitonieimm), 817. 888 

— {Sphaeneyitii), 197, 884 
SimuUum omaiumt 887 
eipwneuU ( Uroepora), 828 
Sipwuuhu, 194 

— nudus, 828 

sixe of Heterokaryota, 864 
SmifUhurue sp^ 887 
Smith, 800, 306, 807 

— and Kilbome, 262, 269 
ioeius (C^ytridiopeie), 817, 

824, 838 
sole, 240, 267 
Solea vulgaris, 844 
Solen vagina, 818, 888 
SoUnophryOf 425 
Sollas, 58 (footnote) 
sophiae {Anthcrhynekui), 

199, 388 
eoror {Oregarina), 886 

— {Klouia), 286 
SoroapKaera, 141 
Sparotric?ia, 411 

aparaa {Gonoapora), 177, 

826 
Sjpatangua purpureua, 824 
Spathidium, 897, 898 
J^Mtula clypeata, 849 
sperm-monila, 156 
spermatid, 186 
SpemuUobium, 198 
Spermatophagua, 198 

— edipidrili, 828 
^/reundi, 328 
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spermatozoa, 250 
spermatoxoid, 186 
sperm-mother-cell, 260 
tphaeralit {Myxobolus)^ S40 
tpKaerieum {Mjfxidiwn)^ 

840 
SpKaeroeephalus, 202 
SphaeroeystiSt 190, 197 

— timpUx, 197, 884 
Sphaeroidina, 188, 145 
Sphaeromyxa, 294 

— halbianii, 287, 840, 842 

— incurvata^ 840 

— aabrazeti^ 841 
Spkaerophrjfa, 418, 422 
SphaerorhynchuM^ 202 

— opKiaides, 202, 882 
Sphaerospara, 286, 298, 

295, 298 

— divergens, 279, 840 

— eUgans, 298, 294, 841 

— ynojovica, 294, 889 

— perUUa, 298 

— rostrata, 294, 848 
BphOitruloaa {Ceratamyxa)^ 

286, 293, 841, 848 
Sphingonolua sp., 887 
i^^yra«na j^yroeno, 844 

— vtUffaris, 844 
SpOotes pullatua, 846 
Spinax spinax, 844 

— vu/^m, 844 
Spio/uligifumu, 191, 827 

— wuifitn«nm, 817, 827 
tpionis (Oregarina), 817 

— (Ar^feAnOvoetfa), 817 

— (3e^icrtiMn), 824, 327 
spiral membranes, 370 

— passa^, 94 
Spirillintdaet 145 
^nroboliia margijuUua^ 198, 

382 
Spirochona, 418, 414 

— coi\jagation of, 387 

— nuclei of, 875, 876 
Spirochonina, 414 
Spiroloeulina, 86, 142 
SpiropUcta, 58, 118, 114, 

144 
Spirodomumy 405 
spleen, 207, 208, 240, 242, 

248, 255 
tplendena {Dactylosoma), 

270, 845 
sporal residuum, 161, 220 
spore, 152, 220 

— cyst, 251 

— formation, 385 

— formation in Myzo- 
sporidia, 282-285 

— membrane, 284 



spore-mother-cell, 251 
spores of Coocidia, 227 

— of Myzosporidia, 286- 
289 

sporoblast, 159, 220, 251, 

272, 284 
sporocyst, 160, 189, 220, 

227, 272 
Sporocystea, 229 
sporocyta, 248 
sporodnots, 188 
sporogony, 166, 204, 208, 

209, 215, 247 • 252, 

261 
sporont, 157, 175, 285 

— of TMlohania, 292 
sporophore, 156 
sporoplasm, 160, 284, 288 
sporozoa, general characters, 

151, 164-168 

— aflBnities and phylogeny, 
821 

sporozoite, 160, 220, 248, 
251, 272, 806 

— of Coecidium, 210, 211 
spomlating body, 248 
spomlation, 152, 242 
Squalitu apfuUuSj 296, 

344 
StjuamulinOj^ 1 48 
^[uatina angeius, 844 
Staeheia, 142 
Staphylinus oUntf 887 
Starcovici, 269 
St€Uira unicdor, 837 
atatirae (ti'negrartna), 887 
ttaurooq^Kali ( KuUikertUa\ 

196, 827 
Staurocephalut rudolphii, 

196, 327 
Stegoohilwn, 402 
Stein, 154, 406, 407, 408, 

421 
Steinhans, 208 
steini {OregariHa)^ 887, 

859 
stelli/ormis ( A ctinocepha- 

lus), 200, 883, 885, 386 
Stemm-pseudopodium, 281 
Stempeli, 285, 291, 292 
StenocephaluSf 198 
Stenophom, 198 

— yWt, 198, 382 
Stentor, 405, 406 

— regeneration of, 392 

— roeaelii 324 
Stentorina, 406 
stepaiwvi {Haemogregar- 

tna), 266, 267, 346 
itepantmana {Haemogre- 
garina), 346 

29 



iUpKani {Olvgea), 341 
SUphanopkorOf 200 

— lueani, 200, 884 
Stephanopogon, 896, 899 
Sterki, 862, 410 
Sticboloncbe, parasites of, 

428 
SHehotpirOt 411 
Stiehotrieha, 411 
Stietotpora, 199 

— provindaliSt 199, 335, 
886 

Stictosporinae, 199 
ttiedae {Eimma), 282 

— {Monocystu\ 282 
SiigmatogatUr graeUii,l9St 

882 
StUes, 281, 282 
StixotUthium ludcperea, 

844 
8tol5, 275, 298 
stomach, 251 
Storthotphaera, 141 
Strasbnrger, 4, 7, 9, 10 
StreptUoi interpret^ 849 
ttricta {Olugea), 886, 887 
Strix /iamnua, 849 
Strombidiwn, 409 
Strongylidium, 411 
StrtmgyloeetUrotua Ivridut, 

824 
drongylura (Henneguya^ 

844 
Stumua vulgaris^ 849 
Siylobryon petioUUum, 324 
Siylocamdeg, 419, 421 
Stylocystu, 199 

— praeeoxt 199, 887 
Styhnyehia, 411, 412 
StyhrhyneMdae, 188, 190, 

201 
Stylorhynehui, 161, 202, 
271 

— gametes of, 1 84 

— oaudatht, 388 

— longicoUu, 175, 202, 
817, 824, 388 

— oUongatus, 888, 836 

— otu/if, 887 
nUnmmactdaia {ffaema- 

moeba)y 270 
Sueeinea giganiea, 888 

— pfeiferi, 888 

— putrist 338 
suckers, 871 

supplemental skeleton, 57 
suppuratton, 163, 277, 289 
supra-oral lobe, 867 

Sus domesticuSy 351 
swarm-spores, 72, 292 
Sycia, 208 
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Sycia innpinataf 17 5, 203, 

324, 326 
Sylvia atricapUlcu, 349 

— hortensis^ 349 
Symphyta, 154 
Synadinomyxon, 298 

— tubijkis, 298, 828 
synapsis, 28 
Synapta^ 194 

~ digitatd, 324 

— inhaeren^t 324 
synaptae {Urospora)^ 190, 

324 
Synchada pectinatOy 326 

— iramda, 326 

— sp., 326 
SyneystiSy 194 

— viirabilisy 194, 335 
Syncytium, 5 
Syngnathus acu8, 343 
Synodontis schallf 344 
Syringammina, 141 
Symium aliico, 349 
«y^gy. 178, 248 

ra«itta, 276, 325 
7a/pa eur(>;NZM, 351 
Tangl, 5 

Tanypua sp., 199, 337 
Tarentola mauritanicoy 346 
recAni^^^o, 141 
7W/ina sp., 206, 286, 388 
Telosporidia, 166, 168, 204« 
285, 322, 323 

— life-cyclos of, 271 
ienax {Oamocystis), 197, 

334 

— {Monoq/8tis\ 155 
tench. 208, 279 
Tenebrio inolitor, 150, 337 
Tenebrionidaey 317 
tenella {Sarcocystis\ 302, 

304, 305, 308, 351 
Unellum {Coccidium), 232 
teutacle-like processes, in 

PterosporOy 177 
tentacles of Suctoria, 370 
lenuis {Beloidfs), 201, 334 

— {Henneguya), 339 
Terebf^a, 194 
terebdlae {Gonospora), 190, 

194, 326, 327 
Termes, Ciliate parasites of, 

418 
Termes Jlavipe3y 337 
terminology of malarial 

parasites, 243 
termitis {Gregarina), 337 
tertian fever, 241 

— parasite, 243-254, 259 
test of Forarainifera, 52 



testiculi {Legerella), 230, 

331 
testis, 207, 208, 230, 277 
TedticU) ibera, 266, 846 

— margincUcLf 346 
tetraspora (Ourleya)^ 297» 

330 
Tetrasporeoj 232 
Tetrasporocysiidae, 229, 

230, 232 
tetrazoic, 165 
Texas-fever, 242, 202, 269 
TexttUaria, 52, 118, 144 
Textularidaey 144 
TexttUaridea, 113, 139, 

143 
texttu {Myxobolu8)t 843 
l^uUassema, 328 
thakusenuu {MonoeysHs), 

828 
TJiarummus formicarius, 

337 
Th^lohan, 276, 283, 289, 

294, 298, 299 
thilohani (Oousna), 842 

— {Rhahdotpora),ZZ^-Zi\, 
342, 843, 844 

Thilohania, 285, 297, 820 

— conUoeani, 276, 829 

— giardi, 829 

— macrocystiSy 331 

— maUeri, 285, 286, 292, 
330 

— octosporoy 296, 331 
Thurammina, 142 
Thylakidium, 406 
Thymallus thymalluSy 344 

— vulgaris, 296, 344 
thysanurae (Olugea), 337 
— . {Oregarina), 336 
Tiarina, 399 

tick, 262 

tick-fever, 242 

Timarcha tenebricosOf 181, 

337 
Tinea fluviaiUis, 344 

— tinea, 296, 344 

— wdgaris, 344 
Tineola biselieila, 207, 237 
Tinoporidae, 146 
Tinoporus, 146 
Tintinnidium, 409 
Tintinnoina, 409 
TintinnopsiSy 409 
Tintinnus, 409 

7*/>M/a, 175, 179 

— oleracea, 170, 337 

— pratensis, 337 

— sp., 337 

tipulae {Actinocephalus), 
337 



tipu^o^ (Adelea), 283, 837 
Tokophrya, 418, 425 
Torpedo marmorata, 844 

— naree, 344 

— torpedo, 844 
rofvua^eto, 370, 409 
tortoise, 275, 294 
Tor^ru; viridana, 275, 296, 

837 
TotantM calidris, 350 

— Ajrpo^euctM, 850 

— totontM, 850 
tcQDoides {Joyeuxella), 816, 

827 
roxtMrporuftum, 816 

— sabelltdarum, 816, 826, 
327 

Trachelina, 400 
TVoMe/ttM, 366, 397, 400 
Trachelocerea, 398 
Traehelophyllufn, 398 
rrocAtnta o^roco^ 844 
rroc^urutf trocAtcntf, 844 
transovalis {Myx(Mus), 

342 
Trematode, 254, 276, 297 
Triactinmnyxony 298 

— ignotum, 298, 827 
Trichorhynchus, 198 

— pulcher, 198. 882 
Trichocysts, 368, 871 
TWcAoe^tRO, 413, 414 
Trichodinopsis, 414 
Trichogaster, 411 
Trichonympha, 369, 417 
Trichonymphidae, 417 
Triehophrya, 420, 421 
Triehorhynchus, 402 
Trichosphaerium, 48, 76, 

82 
Triehospira, 402 
Tricystida, 176 
Tridactylus variegalua, 387 
triformed tests, 58 
trigemina (Kimeria), 881 
Triloculina, 87, 89, 189, 

143 
7Vin«na, 141 
Tringa alpina, 350 

— sp., 350 

Trionyx indicus, 270, 346 

— sp., 346 

— stellatus, 346 
Trisporea, 238 
tristeza, 242 
Tritaxia, 144 
Triton cristatus, 295 

— sp., 225, 345 
tritonis {Karyophagus), 270 
rrocAammtno, 52, 142 
Trochammininae, 142 
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TfWihUia, 401 
Troehtu sp^ 284, 388 
trophic sUge, 168 
trophoplMiD, 9 
trophoioite, 168 
tropical maIarU» 241 
TrcpidoHotut stokUui, 848 
Trox perlaiua, 887 
truncata ( Ceraiomyxa)^ 287» 

840 
TruncatylinOt 124, 186, 

146 
truncatum {Coeeidivm)^ 

847 
iruneatut {DiaeoThynehua)^ 

199, 887 
truttae{L}pn,photpoTid%uffi,\ 

812, 348 
TVMOKi/usp., 887 
TVyv^on, 280, 298 

— jKutinaeaf 844 

— vulgaris, 844 
tabercalosis, 288 
Tvbifex ritm^orum, 194, 

298, 328 

— ttdfi/ex, 328 

<it&(^cu (^noe^ifMmiyaxm), 
298, 328 

tamours, 278 

Tunieata, sporozoan pan- 
sites of, 889 

Turdus merula, 850 

Twrtur awritiLa, 850 

— turiur, 850 
typkalU {PleittopKora), 

297, 296, 840 
tupieut {BoUUus), 812, 829, 

880 
Tjfpton apongicoUi, 881 

Ulwinoy 208 

— eUiptica, 288, 826 
imafioto (^neyropAom), 

201, 838-885 

— {Atterophora\ 837 
i»nieapttUatui {Myxobol%9U 

296, 842 
uniform tests, 89 
Upupa epopt, 850 
urinary bladder, 277 
Umtday 422 
Umulina, 422 
Urocentrina, 403 
Urocentrum, 408 



Urodela,240 
UroUptus, 411 
CTnm^mo, 402 
Uronyehia, 412 
{TnoMwia, 412 
Urospora, 194 
~ iMmereif, 825, 826 

— aaenuridis, 194, 828 

— Hpuneuli, 328 

— sp., 826 

— tynaptae, 190, 324 
Urostyla, 410, 411 
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Uvigerina, 145 

vacuoles, 220, 246, 366 
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Vaginicola, 418, 417 
Vaginulina, 144 
ra/«ftctnui sp. , 825 
valettei (Oreffarina), 881 
Valmdina, 144 
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Van Eecke, 805 
Vanessa urticae, 887 
vaniUae (Olugea), 884 
varia {Oonospora), 326 
variabilis {Ooussia), 840, 

841,342 
t«nan« ((?2«^ea), 387 
Tariation in Foraminifera, 

138 
ventrieosa {Eehinospora), 
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— {Sirmocystis), 179, 886, 
837 

▼ermicule, 251, 254, 258 
Vemeuilina, 114, 144 
Vertebralina, 143 
▼ertebrates, 205, 206, 207, 

282, 253, 275, 296 
Verwom, 58 
Vespa media, 887 
Vespertilio murinus, 270, 

851 
vesperuffinis {Aekrwnati' 

eus), 270, 351 
Vespervgo sp., 270, 351 
vestibule, 867 
Virchow, 4 
virgula {Pleistophora}, 829, 

880 



viride {Oocddittm), 851 
vitreons Foraminifera, 54 
vivaz {PlasfnodiuM), 248- 
254, 267, 851 

Vdvox globator, 824 

Vortieella, 418, 414 

— conjagation- of^ 887, 
891 

Vorticellina, 414 
Vuillemin, 800 

Wandolleck, 269 
Wasielewski, 164, 170, 178, 

801, 805, 806, 807 
Webbina, 142 
Wolters, 161 
wood-loase, 221 
Wright, 249, 416 

Xenodon neuviediit 847 

yellow bodies, 276 
yellowish • brown bodies, 
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Zscharias, 18, 809 
Zalophus califomianust 

351 
Zamenis gsmonetuis, 347 

— {Haemogregarina), Si7 

— Mppocrqns, 347 

— viridi/lavus, 847 
Zeller, 408, 404 
soid, 251 
soidophore, 251 
looepore, 818 
looepores of ffyalopus, 82 

— of PolysUmsUa, 72 

— of TricKosphaerium, J% 
Xoothamnium, 416 
zoozanthellae in Foramini- 
fera. 51, 118 (footnote) 

saehokhei {Myx6bol%u\ 840 
Zygaena filipendulae, 887 
Zygocystis, 198 
^eometot 198, 828 

— portuni, 831 

— puteanoy 881* 
zygosis, 272 
ZygosomOj 198 

— gibbosuin, 193, 828 
zygote, 156, 159, 219, 227 
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